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CLARENCE  LUTHER  HERRICK. 

By  W.  G.  Tight.  Albuquerque,  New  Mex. 
PORTRAIT.  PLATE  I. 

When  a  great  and  good  man  is  taken  from  the  midst 
of  his  life  work  and  those  whom  he  has  served  are  called 
upon  to  realize  their  loss,  there  is  ever  a  desire  to  perpetuate 
his  memory  and  to  preserve  such  knowledge  concerning 
him  as  will  be  of  further  service  to  humanity.  In  preparing 
a  fit  memorial  to  Dr.  Herrick  the  writer  realizes  his  own 
inability  to  do  justice  to  the  man  and  his  work.  Perhaps 
no  other  outside  of  his  immediate  family  was  better  ac- 
quainted with  him  than  myself.  Having  lived  with  him  in 
the  home,  in  the  camp,  in  the  school  room  and  laboratory 
and  being  in  almost  constant  correspondence  with  him  for 
a  long  term  of  years  when  circumstances  separated  us,  his 
death  is  a  very  deep  personal  loss.  Dr.  Herrick  has  many 
pupils  scattered  over  the  world  who  feel  that  they  owe  much 
to  him  and  in  whom  he  took  a  very  deep  interest  and  pride. 
Of  this  large  number  there  were  two  boys  who  were  a  little 
nearer  to  Dr.  Herrick's  heart  than  any  of  the  others.  Not 
because  they  were  any  better  or  brighter  but  because  of 
the  circumstances  connected  with  their  coming  together. 
These  two  were  Herbert  L.  Jones  and  myself.  When  Dr. 
Herrick  went  to  Denison  university  in  1885  and  started  his 
career  as  a  teacher  he  was  a  comparatively  young  man,  be- 
ing only  twenty-seven  years  old,  but  his  characteristic  earn- 
estness and  entliusiasm  were  so  manifest  that  he  attracted 
to  himself  out  of  a  graduating  class  of  thirteen  these  two 
boys  and  through  his  influence  both  remained  at  Denison 
for  a  year  of  post-graduate  work.  We  were  the  first  resident 
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post-graduate  stud^lg'-JJenison  ever  had.  Prof.  Jones  de- 
voted his  lif^'Jt^  lhe'*s*tudy  of  Botany,  contributing  several 
imporiant*jaXt*$:*VeV  to  science.  He  taught  science  in  the  pre- 
pa/^tohy  dejJartment  of  his  Alma  Mater  for  several  years, 

/•-WiaS^asSlstant  botanist  at  Harvard  for  a  time,  resigning  to 
' •*  *  *  * 
:accept  the  professorship    of    Botany    at    Oberlin    college, 

where  he  served  but  one  year,  when  called  from  his  labors 
by  Death,  at  the  very  opening  of  his  career.  It  was  because 
we  two  boys  were  first  on  his  long  list  of  devoted  pupils  - 
that  we  were  held  with  special  regard  by  him.  Yet  in 
spite  of  the  intimacy  of  my  relations  with  him  through  all 
these  years  that  have  intervened  it  is  with  misgiving  that 
I  undertake  the  sad  task  of  presenting  this  tribute  to  his 
•life  and  character. 

In  order  that  my  views  may  not  be  colored  too  much 
by  my  own  personal  feeling  and  sense  of  personal  apprecia- 
tion it  is  my  purpose  to  express  myself  largely  through  the 
words  of  others  and  to  present  such  views  as  have  been 
given  by  them  as  will  in  my  judgment  bring  out  the  salient 
features  of  Dr.  Hcrrick's  life  and  work.  In  a  letter  written 
to  Rev.  J.  L.  Cheney.  Cleveland,  Ohio,  Sept.  27,  1904,  his 
brother  C.  f.  Hcrrick  savs :  "His  was  a  life  verv  difficult  for 
any  one  person  to  q^stimate,  for  his  work  was  in  so  diverse 
fields  that  few  men  have  ?ven  a  speaking  acquaintance  with 
all  of  them.  His  life  may  be  roughly  divided  into  four 
periods.  Very  early  in  his  career  he  seems  to  have  laid  out 
at  least  in  a  rough  way  a  rather  ambitious  plan 'of  action 
including  for  the  first  part  of  his  life  miscellaneous  research 
and  study  in  the  broad  field  of  general  natural  history — a 
general  broad  foundation.  Then  was  to  follow  a  period  of 
intense  specialization  in  the  circumscribed  field  of  zoological 
work  leading  up  to  a  mastery  of  anatomy,  and  physiological 
and  comparative  psychology  on  the  basis  of  the  mechanism 
of  the  nervous  system  and  to  the  philosophical  correlation. 
So  far  as  I  am  aware  my  brother  never  announced  this  or 
any  other  program,  and  I  doubt  if  such  a  thing  was  ever 
definitely  formulated  even  in  his  own  mind ;  yet  from  some 
of  his  conversations  which  I  remember  years  ago  I  believe 
that  some  such  plan  was  in  his  mind.  While  the  four  peri- 
ods referred  to  above  were  marked  by  extraneous  events, 
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apparently  artificial  or  arbitrary',  yet  I  think  it  may  be  said 
that  the  ideal  scheme  was  in  the  end  fairly  achieved,  though 
with  great  ileviation  in  the  details  of  the  working." 

FIRST  PERIOD.     1858-1884. 

The  son  of  a  Baptist  clergyman,  Dr.  Herrick  was  born 
near  Minneapolis,  Minn.,  June  21,  1858.  He  grew  up  in  a 
home  far  from  neighbors  as  a  solitary  child  with  few  play- 
mates and  very  early  showed  his  bent  for  the  study  of 
nature.  While  still  in  the  Minneapolis  high  school  he  col- 
lected extensively  and  left  at  graduation  a  case  of  over  a 
hundred  mounted  bird  skins  and  other  specimens  in  the  high 
school.  It  was  during  this  period  that  his  father  got  him  an 
eight  dollar  microscope.  With  this  crude  instrument  and 
without  library  facilities  he  worked  over  the  fresh  water 
fauna  of  the  neighboring  brooks  and  pools  so  thoroughly 
that  before  graduating  from  the  university  of  Minnesota,  in 
1880,  he  had  published  several  articles  of  value  on  the  fresh 
water  Crustacea  of  Minnesota  and  four  years  after  gradua- 
tion, with  somewhat  better  facilities,  published  a  report 
on  the  microcnistacea  of  Minnesota  which  is  still  standard. 
These  years  and  those  of  his  university  course  were  filled 
with  many  bitter  struggles,  not  the  least  of  which  was  with 
poverty  and  the  lack  of  materials  for  study.  But  notwith- 
standing these,  he  completed  his  course  in  three  years,  at 
the  same  time  partly  supporting  himself  by  assisting  on  the 
Minnesota  natural  historv  survey.  He  had  also  showed 
so  obvious  a  native  gift  with  his  pencil  that  upon  his  gradu- 
ation the  president  of  the  university  said  that  he  was  uncer- 
tain whether  to  advise  him  to  devote  his  life  to  science  or 
art.  But  there  was  no  uncertainty  in  the  mind  of  the  young 
man.  Continuing  his  work  with  the  geological  and  natural 
history  survey  of  Minnesota  after  graduation,  he  published 
many  papers  in  rapid  succession  on  the  fauna  of  the  state 
and  began  an  extensive  report,  the  first  volume  of  which 
was  completed  in  1885.  This  was  a  large  quarto  on  the 
mammals  of  the  state  fiilly  illustrated  with  many  colored 
plates  and  j\cn  drawings.  It  was  accepted  for  publication, 
but  for  lack  of  funds  in  the  survey,  never  saw  the  light. 
Years  afterward,  in  1892,  a  small  octavo  was  published  by 
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the  survey  made  up  of  the  more  popular  parts  of  this  work. 
He  spent  a  year  in  Leipzig  at  the  University  during  1881- 
'82.  And  in  1883  he  was  married  to  Miss  Alice  Keith,  of 
Minneapolis. 

He  took  his  Masters  and  Doctors  degree  from  the  uni- 
versity of  Minnesota. 

SECOND  PERIOD.     1884-1889. 

Called  to  the  chair  of  Geology  and  Natural  History  of 
Denison  university,  Granville,  Ohio,  in  the  summer  of  1884, 
he  spent  the  fall  of  that  year  at  Denison,  then  returned  to 
Minneapolis  to  complete  the  work  begun  by  him  on  the 
Minnesota  survey  and  in  the  fall  of  1885  moved  with  his 
family  to  Denison.  It  had  been  his  intention  to  continue 
his  zoological  work  tjiere,  and  there  was  great  activity  in 
this  line  during  the  entire  period,  but  the  routine  excursions 
made  as  a  part  of  the  instruction  of  his  geology  classes 
showed  him  so  much  of  interest  in  the  local  strata  that  his 
chief  labors  while  in  Granville,  were  upon  the  fossils  and 
stratigraphy  of  the  Waverly  free  stones  and  shales  of  Ohio. 
This  work  was  abruptly  cut  short  by  his  removal  from  Gran- 
ville in  1889,  and  while  never  rounded  out  as  he  would  have 
liked  is  probably  his  most  important  geological  work.  In 
1885  he  founded  the  Bulletin  of  the  Scientific  Laboratories 
of  Denison  university,  in  which  the  greater  part  of  his  re- 
searches and  those  of  his  pupils  on  Ohio  geology  were 
published. 

His  phenomenal  success  as  a  teacher  during  this  and 
subsequent  periods  was  due  to  factors  some  of  which  are 
easily  seen — others  hard  to  define.  After  his  attractive  per- 
sonal qualities  and  magnetic  enthusiasm  I  should  place  his 
deep  philosophical  insight  and  the  fearless  way  in  which  he 
opened  up  his  profoundest  thinking  to  even  his  most  ele- 
mentary pupils.  The  ability  to  do  this  without  befogging 
the  air  was  an  exceedingly  rare  gift  and  was  stimulating  to 
even  a  dullard.  He  knew  the  philosophical  classics  thor- 
oughly from  original  sources  and  the  trend  of  his  thinking 
was  very  early  foreshadowed  in  the  translation  of  Lotze's 
Outlines  of  Psychology,  published  in  1885  in  Minneapolis, 
with  its  appended  chapters  on  the  nervous  system. 
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TfflRD  PERIOD.     1889-1894. 

Upon  his  acceptance  of  the  chair  of  Biology  in  the  uni- 
versity of  Cincinnati  in  1889,  the  geological  studies  with 
which  the  preceding  five  years  had  been  so  fully  occupied 
were  summarily  brought  to  a  close  and  he  threw  himself 
with  renewed  energy  into  the  study  of  the  nervous  system. 
Extensive  papers  on  the  brains  of  different  animals  appear- 
ed in  rapid  succession  of  which  the  most  valuable  are  two 
series,  one  on  the  brains  of  various  fishes,  the  other  on 
those  of  reptiles.  In  1891  the  Journal  of  Comparative  Neur- 
ology was  founded  and  served  as  the  medium  of  publication 
for  most  of  these  researches.  The  founding  of  this  journal 
can  best  be  designated  as  a  piece  of  characteristic  audac- 
ity. It  was  a  purely  private  enterprise  with  no  funds  as- 
sured and  very  little  outside  co-operation  promised.  But 
without  counting  the  cost  he  plunged  boldly  in,  expecting 
a  constituency  to  be  developed  as  the  work  went  on.  In  this 
he  has  not  been  disappointed  wholly,  though  recognition 
of  financial  needs  has  Jagged  sadly  behind  that  of  the  scien- 
tific excellence  of  the  journal.  At  the  close  of  1891  he  re- 
signed his  chair  in  the  university  of  Cincinnati  to  accept  a 
chair  of  Biology  in  the  university  of  Chicago,  then  being  re- 
organized. The  early  part  of  1892  was  spent  in  Europe, 
chiefly  in  Berlin.  Upon  his  return  the  adjustment  at  Chic- 
ago presented  unexpected  difficulties  and  after  a  series  of 
misunderstandings  he  withdrew  from  the  institution,  declin- 
ing an  offer  to  return  to  Germany  for  further  study  on 
full  salary.  He  was  immediately  elected  to  his  old  post  in 
Denison  university  with  an  assistant  and  the  privilege  of 
devoting  only  a  part  of  his  time  to  teaching,  the  remainder 
to  he  spent  either  at  home  or  abroad  in  the  further  prosecu- 
tion of  his  research.  A  year  and  a  half  of  great  productive- 
ness followed.  He  bought  a  small  tract  of  land  adjacent  to 
the  college  campus,  built  a  residence  upon  it  and  planned  to 
devote  the  remainder  of  his  days  to  breeding  animals  on  an 
extensive  scale  and  studying  the  laws  of  heredity,  compara- 
tive psychology  and  allied  problems.  Rut  before  this  pro- 
ject was  fully  under  way  his  health  broke  down  and  he 
was  forced  to  abandon  his  home  in  the  fight  for  life. 

In  December,  1893,  he  had  a  severe  attack  of  la  grippe, 
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but  as  was  his  custom  in  illness  went  on  with  his  work  as 
usual.  Upon  completion  of  the  last  examination  of  the  term 
he  came  home  too  ill  to  correct  the  papers,  and  in  the  course 
of  the  following  night  was  attacked  by  a  severe  hemorrhage 
from  the  lungs  and  for  weeks  his  life  hung  in  the  balance. 
With  the  return  of  spring  his  strength  increased  sufficiently 
to  enable  him  to  remove  to  New  Mexico,  where  the  local 
physicians  told  him  he  had  a  fighting  chance  for  a  few 
years.  He  accepted  the  challenge  bravely  and  for  more  than 
ten  years  held  the  disease  in  check.  During  the  spring  of 
1894,  the  college  dedicated  the  Barney  Science  Hall,  which 
had  been  built  largely  under  the  stimulus  of  his  presence  in 
the  faculty,  but  he  was  never  permitted  to  work  in  it. 

FOURTH  PERIOD.     1894-1904. 

This  decade,  filled  with  bodily  pain  and  the  worse  tor- 
ture of  anxiety  and  mental  unrest,  is  yel  one  of  the  most 
productive  periods  of  his  life.  Much  of  the  time  was  spent 
in  the  open  with  covered  wagon  and  camp  kit,  and  with 
the  return  of  strength  scientific  interests  again  absorbed  his 
attention.  Naturally  in  this  case  he  again  turns  to  geology 
and  an  extensive  series  of  articles  on  the  geology  of  New 
Mexico,  bears  testimony  to  the  industry  of  these  apparently 
aimless  wanderings.  The  first  scientific  work  done  in  the 
territory  was  a  revision  of  his  earliest  important  work,  the 
Crustacea  of  Minnesota.  As  .soon  as  his  geological  knowl- 
edge became  known  his  services  were  in  demand  as  a  min- 
ing expert  and  during  the  later  years  of  his  life  in  the  terri- 
tory he  supported  his  family  chiefly  by  practising  this  pro- 
fession as  strength  permitted.  For  four  years  he  was  the 
president  of  the  territorial  university  at  Albuquerque. 
though  at  the  close  of  the  third  year  it  became  evident  that 
the  strain  of  the  executive  work  and  confinement  were  too 
hard  for  him,  and  bis  connection  during  the  fourth  year  was 
mainly  of  supervision  and  general  control.  During  his  last 
year  there  was  an  obvious  failing  of  physical  strength  so 
that  long  field  trips  had  to  be  abandoned.  But  the  more 
quiet  life  gave  opportunity  for  a  thorough  recasting  of  many 
questions  and  formulation  of  matters  which  had  beei 
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mind  all  his  life.     So  that  before  his  death  much  of  the 

# 

philosophical  correlation  of  which  mention  was  made  in  his 
early  life,  was  effected.  A  number  of  articles  have  already 
been  published  in  the  philosophical  serials  bearing  on  these 
matters  and  there  is  a  considerable  collection  of  MSS.  re- 
maining, much  of  which  can  doubtless  be  edited  for  publica- 
tion. It  is  gratifying  to  know  that  he  had  the  satisfaction  of 
seeing  this  work  so  well  rounded  out  before  his  death  and 
that  the  later  months  of  his  life  were  much  more  restful  than 
those  preceding,  some  of  which  were  marked  by  extreme 
suffering. 

He  continued  in  about  his  usual  health  until  Sept.  8, 
1904,  when  he  again  had  a  series  of  uncontrollable  hem- 
orrhages, daily  becoming  weaker  until  on  the  morning  of 
the  15th,  he  peacefully  passed  away. 

His  life  work  having  been  distributed  in  three  widely 
separated  communities,  each  gave  expression  of  its  estimate 
of  the  man  at  the  time  of  his  death. 

The  university  of  Minnesota  knew  him  directly  as  a 
student  and  young  investigator  and  his  friends  there  have 
watched  his  subsequent  career. 

The  Minnesota  Magazine  for  October,  1904,  contains 
the  following  notice: 

"University  men  and  women  will  regret  to  hear  of  the 
death  of  Prof.  C.  L.  Herriek,  at  Socorro,  New  Mexico,  Sep- 
tember fifteenth.  Mr.  Herriek  was  graduated  from  the  uni- 
versity, and  had  here  been  granted  the  degree  of  Doctor  of 
Philosophy.  Specializing  in  ornithology,  he  mounted  many 
of  the  specimens  now  in  the  Biological  Museum,  and  made 
scientific  reports  one  of  which  was  published  for  the  state 
by  the  geological  and  natural  history  survey ;  and  an- 
other an  illustrated  treatise  on  Fresh  Water  Crustaceans, 
ranks  high  among  American  authorities. 

"As  professor  of  Natural  History  in  Denison  university, 
his  activities  widened.  He  established  the  Journal  of  Neur- 
ology, one  of  the  leading  scientific  periodicals  of  the  world. 
He  gave  much  attention  to  the  geology  of  Ohio,  and  was 
for  some  time  associate  editor  of  the  American  Geologist, 
to  which  journal  he  made  extensive  contributions. 
-     "The  university  of  Chicago  offered  him  a  professorship, 
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the  duties  of  which  he  never  assumed.  Ill  health  compelled 
him  to  seek  the  more  favorable  climate  of  New  Mexico, 
where  after  a  short  service  as  instructor  in  the  school  of 
mines  at  Socorro,  he  was  elected  president  of  the  university 
of  New  Mexico,  at  Albuquerque.  Here  his  zeal  and  energy 
so  inspired  his  associates  that  the  university  entered  upon 
an  era  of  activity  unusual  in  so  young  an  institution.  His 
health,  however,  continuing  to  fail.  Dr.  Herrick  was  forced 
to  resign  the  responsibilities  of  the  presidency  and  seek  the 
more  active  outdoor  work  of  a  practical  geologist  and  irri- 
gation engineer.  So  employed  and  continuing  to  contribute 
to  the  scientific  journals,  he  labored  industriously  until  his 
death.  His  last  paper  appears  in  the  current  number  of  the 
American  Geologist. 

"Few  alumni  of  the  university  of  Minnesota  have  at- 
tained higher  rank  among  the  American  scientists.  Three 
commonwealths  feel  the  influence  of  his  versatile  brain; 
three  universities  honor  his  memory.  For  years  he  labored 
under  the  discoul^gements  of  disease,  but  he  held  out  gal- 
lantly in  the  prosecution  of  his  chosen  work.  All  his  in- 
tellectual life  was  given  to  the  abstruse  problems  of  science, 
and  his  achievements  should  place  him  among  the  savants 
of  the  opening  century." 

In  Ohio  "The  Granville  Times"  and  "The  Denisonian" 
the  weekly  college  paper,  both  published  portraits  and  ex- 
tended articles  concerning  him  and  his  life  work. 

The  Denison  Scientific  Association  held  a  special  mem- 
orial service  at  which  Prof.  G.  F.  McKibben  of  Denison, 
Prof.  A.  D.  Cole  of  Ohio  state  university  and  Prof.  Aug. 
F.  Foerste  of  Dayton,  Ohio,  made  the  principal  addresses. 

Prof.  Cole  said  in  part  in  his  address  on  "C.  L.  Her- 
rick as  a  Maker  of  Scientific  Men,"  published  in  a  special 
memorial  volume  of  the  Bulletin  of  the  Scientific  Labora- 
tories of  Denison  university. 

"I  desire  to  emphasize  especially  his  rare  power  of  in- 
fluencing young  men — and  that  too  without  seeming  to  make 
any  effort  to  do  so — to  adopt  his  own  point  of  view  of 
life  and  devote  themselves,  wholly  or  in  part,  to  the  quest 
of  truth  which  was  to  him  the  great  thing  in  life.  Ttiis 
seems   to   me   to  be   the   most   striking  and   characteristic 
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thing  in  professor  Herrick's  personality.  He  was  learned, 
but  we  have  known  others  learned  too;  he  was  devoted  to 
his  work  but  such  devotion,  though  uncommon,  we 
may  find  elsewhere;  he  was  a  rare  teacher,  but  the 
country  has  many  great  teachers;  he  was  a  man  of 
strong  religious  faith  and  rich  Christian  life,  but 
that  too  we  may  parallel  in  other  lives.  But  I  can- 
not think  of  one  other  man  who  so  powerfully  impressed 
those  with  whom  he  came  into  any  sort  of  contact  with 
a  real  longing  to  find  out  new  truth  by  their  own  effort 
and  add  it  to  the  legacy  of  knowledge  which  the  present 
generation  has  inherited  from  the  past.  His  own  work  as  an 
investigator  was  great;  his  work  as  a  maker  and  trainer  of 
investigators  was  perhaps  greater.  I  have  never  known  an 
enthusiasm  so  contagious  as  his.  It  is  no  mere  accident 
that  both  his  brothers,  his  wife's  brother,  his  only  son  and 
a  large  proportion  of  his  students  have  caught  the  spirit  of 
original  research  and  made  important  contributions  to  the 
fund  of  new  knowledge.  Contact  with  him  in  class  room, 
laboratory  or  household  seemed  equally  efficient  for  propa- 
gating the  germ  of  personal  investigation.  He  might  have 
been  a  great  teacher  even  without  this  power,  as  others 
have  been ;  with  it  his  success  was  assured  and  eminence 
certain  with  favorable  conditions.  *  *  *  What  were 
some  of  the  reasons  for  the  unquestionable  power  he  pos- 
sessed of  moulding  the  purposes  and  lives  of  his  associates? 
Let  us  note  at  least  a  few  of  them.  One  reason  for  this 
power  was  undoubtedly  the  perfect  sincerity  of  his  devotion 
to  science.  It  was  so  apparent  from  even  a  slight  acquaint- 
ance with  him  that  he  loved  it  and  believed  in  it  as  a  pur- 
suit worthy  not  only  of  his  own  highest  thought  and  most 
earnest  effort,  but  deserving  as  well  the  supreme  attention 
of  any  man.  He  was  not  given  to  proselyting:  there  was 
no  direct  appeal  to  others  to  interest  themselves  in  those 
things  which  he  pursued.  Rut  given  a  noble  mind,  despis- 
ing the  shams  which  it  already  sees  constitute  so  large  a  part 
of  modern  life,  longing  vaguely  to  realize  its  youthful  dreams 
of  mental  achievement  and  moral  victorv,  in  close  dailv  con- 
tact  with  an  enthusiasm  so  pure  and  unselfish  as  that  of 
professor  Herrick.  is  it  any  wonder  that  the  ambition   to 
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emulate  him  should  be  kindled  in  that  mind?  We  all  know 
the  teacher,  who  seems  to  teach  for  "what  there  is  in  it 
for  himself" — such  small  return  of  money,  social  position  or 
reputation  as  seems  to  be  attached  to  his  business ;  we  have 
seen  how  he  bolsters  up  his  own  dead  interest  in  the  pro- 
gress of  science  by  sounding  phrases  about  the  dignity  of 
scientific  pursuits.  No  one  recognizes  the  sham  more  quick- 
ly or  completely  than  the  students'  in  his  class  room,  and 
with  the  recognition  his  power  as  teacher  is  gone.  No  one 
can  interest  another  in  an  intellectual  problem  in  which  he 
himself  is  not  genuinely  interested.  Even  if  he  believes 
himself  interested,  that  is  not  enough ;  self-deception  cannot 
save  him.  His  students  will  feel — vaguely  perhaps,  but 
surely — that  the  interest  is  not  real.  On  the  other  hand 
the  teacher  with  a  genuine  zeal  for  his  subject,  so  simple 
that  it  never  feels  the  need  of  self-  assertion,  already  has  his 
battle  two-thirds  won.  The  student  unconsciously  detects 
the  real  article  as  well  as  the  sham.  As  it  is  hopeless  to 
deceive  students  by  the  parade  of  simulated  enthusiasm,  so 
it  is  unnecessary  to  proclaim  the  real  one.  Thus  professor 
Herrick's  intellectual  honesty  and  genuine  zeal  for  science 
found  an  answering  note  in  the  minds  and  hearts  of  all  those 
whose  lives  touched  his.  We  who  knew  him  felt  our  own 
ambitions  purified  and  ennobled  by  the  contact. 

Secondly,  his  remarkable  industry  emphasized  the 
effect  of  his  sincere  devotion  to  science.  He  was  not 
one  to  tell  how  much  midnight  oil  he  burned  or  in  any  way 
indicate  the  intensity  of  his  labors,  but  both  their  quality 
and  quantity  compelled  our  attention  and  we  watched  and 
found  that  he  rarely  spent  an  idle  minute.  Not  only  were 
his  working  hours  long,  but  intensely  active.  Many  of  us 
remember  the  long  quick  stride  which  carried  him  so  rapid- 
ly from  task  to  task ;  it  was  an  index  to  the  energy  of  the 
mental  machine  within. 

A  letter  recently  received  from  a  former  student  who 
was  for  a  time  a  member  of  his  household  says :  "The 
tireless  energy  of  the  man  was  inspiring.  His  light  was  last 
to  go  out  in  the  home  and  on  going  to  breakfast  early  in 
the  morning  it  was  no  unusual  thing  to  meet  professor  Her- 
rick  returning  from  the  woods  or  swamp  with  a  supply  of 
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material  for  the  day's  classes  *  *  *  If  he  ever  took  a  rest 
we  never  knew  of  it." 

A  third  reason  for  professor  Herrick's  ability  to- 
instill  the  spirit  of  research  was  found  in  his  sub- 
ordination of  most  of  the  common  aims  which  move 
men  to  what  was  evidently  the  great  aim  of  his  life. 
*  *  *  Professor  Herrick,  while  remarkably  faithful  ta 
all  of  his  duties  to  others,  managed  to  give  such  emphasis^ 
to  his  scientific  labors  that  it  became  but  natural  to  think 
of  him  always  as  a  man-of-science. 

Another  thing  that  attracted  students  and  led  them  un- 
consciously to  seek  to  imitate  him  was  the  freshness  and 
originality  of  his  ideas.  His  mind  was  always  taking  con- 
ventional and  commonplace  ideas  and  making  something 
fresh  and  new  out  of  them.  He  thought  much  of  the  phil- 
osophical bearing  of  scientific  things.  "The  Psychological 
Basis  of  Feelings,"  "Psychological  Corollaries  of  Modern 
Neurological  Discoveries"  are  two  of  the  many  titles  of  his 
scientific  papers  indicating  his  tendency  to  philosophize  the 
results  of  his  scientific  observations. 

Besides  the  four  mental  traits  which  I  have  mentioned 
in  attempting  to  account. for  the-  power  he  possessed  of  en- 
ergizing others  into  scientific  activity  there  were  moral  at- 
tributes which  contributed  more  to  the  same  end. 

One  of  these  was  connected  with  his  originality  and 
mental  independence,  namely  his  courage  .  in  over-riding 
false  traditions  and  calmly  undertaking  the  solution  of  dif- 
ficult problems.  His  was  the  pioneer  type  of  mind.  And  so 
he  frequently  introduced  novel  methods  in  his  teaching 
which  groused  attention  and  interest.  Although  his  con- 
nection with  Denison  was  not  a  long  one,  he  introduced  at 
least  four  striking  innovations  which  have  already  stood  the 
test  of  years  and  bid  fair  to  be  permanent.  These  were  (in 
chronological  order)  The  Scientific  Association,  the  Bulle- 
tin of  the  Scientific  Laboratories,  The  Neurological  Journal, 
and  the  courses  of  study  which  lead  to  the  degree  of  Bach- 
elor of  Science  at  Denison. 

At  the  time  of  its  introduction  each  one  of  these  innova- 
tions seemed  to  be  a  questionable  proposition,  hardly  likely 
to  succeed.     *     *     *     He  started  the  first  volume  of  the 
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Bulletin  of  the  Scientific  Laboratories  the  year  following  his 
coming  to  Denison.  *  *  *  There  are  eighty-five  articles 
written  by  many  different  authors,  most  of  them  Denison 
men,  students  or  faculty  members,  and  not  a  few  of  them 
those  who  have  become  original  workers  through  the  in- 
fluence and  example  of  professor  Herrick  himself. 

Undoubtedly  its  success  has  been  due  to  the  fine  start 
it  made  through  the  unremitting  labors  of  professor  Herrick 
as  editor.  Of  the  26  articles  which  constitute  the  first  four 
volumes  issued  under  his  editorship,  no  less  than  ten  were 
from  his  own  pen.  And  after  ill  health  compelled  him  to 
seek  another  climate,  and  in  spite  of  the  fact  that  he  had 
taken  the  editorship  of  the  Journal  of  Comparative  Neur- 
ology upon  his  hands  we  find  him  a  frequent  and  valuable 
contributor.  So  late  as  June  1900  (in  Vol.  XI.)  we  find  an 
elaborate  article  of  more  than  sixty  pages,  with  a  map  and 
34  beautiful  plates  for  which  he  was  so  well  known. 
*  *  *  In  1887  professor  Herrick  founded  the  Denison 
Scientific  Association  whose  object,  aim  and  history  during 
seventeen  years  are  well  known  to  most  of  you.  Very  faith- 
fully has  it  carried,  out  its  aims  as  he  expressed  them  in  its 
constitution  "To  collect,  record  and  disseminate  information 
bearing  on  the  sciences  and  to  stimulate  interest  in  local 
natural  history  and  preserve  specimens  illustrating  the 
same."  I  think  very  few  of  those  who  tried  to  help  him 
start  the  Association  expected  that  it  would  continue  and 
develop  as  it  has  done.  My  own  feeling  concerning  it  is 
well  expressed  in  a  letter  recently  received  from  another 
of  its  charter  members,  professor  J.  E.  Woodland  of  the 
Rochester  Athenaeum  and  Mechanics  Institute.    He  says: 

"I  recall  vividly  the  organization  of  the  Denison  Scien- 
tific Association  and  the  enthusiasm  with  which  professor 
Herrick  directed  the  work  and  gathered  the  material  for 
the  programs.  I  have  been  associated  with  other  Scientific 
Associations  since  then  but  have  yet  to  find  the  genuine 
local  interest* and  enthusiasm  that  characterized  the  one  in 
Granville." 

The  fourth  innovation  due  principally  to  professor 
Herrick.  was  the»  complete  revision  of  the  work  in 
science  in  the  course  of  study  leading  to  the  B.  S.  degree 
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at  Denison.  *  *  ♦  j^  ^as  another  case  where  professor 
Herrick's  independence  of  tradition  led  to  important  results 
for  Denison. 

A  sixth  reason  for  professor  Hgrrick's  ability  to  arouse 
the  spirit  of  scientific  research  in  others  we  find  in  the 
breadth  of  his  interests  and  sympathies.  He  did  not  follow 
the  fashion  of  extreme  specialization  so  characteristic  of  our 
time.  Before  he  came  to  Denison  he  was  state  mammalogist 
of  Minnesota,  at  Granville  he  was  botanist,  zoologist,  geolo- 
gist and  neurologist,  not  merely  teaching  but  investigating 
along  these  lines.  While  in  New  Mexico  he  added  work 
of  a  mining  engineer  to  that  of  geologist  and  neurologist, 
and  in  his  last  months  we  hear  of  his  resuming^study  and 
writing  along  philosophical  lines,  a  labor  which  had  been 
begun  many  years  before.  And  so  under  his  tutelage  we 
find  one  of  his  students  inspired  to  become  a  botanist,  an- 
other a  biologist ;  several  became  geologists  and  others  neur- 
ologists. And  to  all  he  was  able  to  extend  such  counsel, 
stimulus  and  sympathy  that  his  influence  became  one  of 
the  determining  forces  of  their  lives 

And  this  brings  us  to  the  last  reason  that  I  will  name 
to  explain  professor  Herrick's  power  over  his  students; 
namely,  his  personal  interest  in  them,  not  alone  in  their 
scientific  development,  but  in  all  their  joys  and  troubles. 
Quoting  again  from  Mr.  Woodland's  letter,  "To  the  student 
he  was  never  a  professor  with  awe-inspiring  dignity,  but 
rather  a  companion  and  friend.  *  *  *  There  seemed  to  be 
some  great  pressure  incessantly  driving  him  to  work,  yet 
with  it  all  we  never  entered  his  room  that  he  did  not  make 
us  feel  entirely  welcome.  *  *  *  He  never  spoke  a  word 
of  discouragement  to  any  one." 

And  now  in  conclusion  let  me  illustrate  several  of  these 
sources  of  professor  Herrick's  power  to  inspire  students  by 
reading  to  you  a  letter  which  I  received  to-day  from  W.  E. 
Castle,  now  professor  of  zoology  in  Harvard  university,  one 
of  the  many  young  men  who  honor  professor  Herrick's 
memory  in  the  highest  possible  way,  by  following  in  his 
foot-steps. 

"Whfle  in  conversation  with  a  zoologist  from  a  distant 
state  I  was  asked  from  what  college  I  came.     *From-  a  col- 
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lege*  I  replied  *of  which  very  likely  you  never  heard,  Deni- 
5on/ 

"  'O  yes/  was  the  prompt  reply,  *I  know  Denison ;  the 
Herricks  have  made  Denison  famous/  "  This  incident  gives 
•evidence  of  the  high  regard  in  wlTich  the  scientific  work  be- 
gun at  Denison  by  professor  C.  L.  Herrick  is  held  among 
workers  elsewhere  in  similar  lines. 

From  an  article  in  the  same  Bulletin  by  H\  Heath  Baw- 
•den  we  quote :  Of  professor  Herrick's  contributions  to 
philosophy  a  word  should  be  said.  That  his  interest  was  a 
deep  and  abiding  one  is  abundantly  evident  from  a  glance 
at  his  writings  which  include  many  articles  and  discussions 
dating  from  the  publication  in  1882  of  his  translation  of 
Lotze's  lectures  on  psychology  to  the  series  of  articles  on 
"''Dynamic  Realism"  which  he  had  begun  to  publish  in  the 
Journal  of  Philosophy,  Psychology,  and  Scientific  Methods, 
at  the  time  of  his  death.  He  made  frequent  short  contribu- 
tions to  the  Psychological  Review,  besides  publishing  vari- 
ous other  articles  of  a  psychological  and  philosophical  char- 
acter in  his  own  journal.  His  interest  in  problems  of  ethics 
and  religion  is  evidenced  by  diverse  articles  in  certain  of  the 
religious  periodicals  as  well  as  much  unpublished  manu- 
script. 

Of  his  metaphysical  writings  it  should  be  said  that  they 
w^ere  alway  >  inspired  by  his  scientific  researches.  He  never 
Avas  satisfi  d  with  the  easy  philosophy  of  the  "anti-meta- 
physical" standpoint  of  many  fellow  scientists.  Psycho- 
physical parallelism  he  regarded  as  "the  Great  Bad."  The 
aim  of  his  life  was  to  throw  light  upon  just  such  so-called  in- 
soluble problems  as  the  relation  of  consciousness  to  the 
brain. 

"Ignorabimus"  is  a  word  which  never  fell  from  his  lips. 
The  unity  of  the  material  and  the  mental  is  a  truth  upon 
which  he  came  to  lay  increasing  stress  in  his  later  years. 
Starting  from  a  Lotzean  spiritualistic  idealism  he  never  lost 
liold  of  the  monism  which  characterizes  that  philosophical 
world-view,  though  in  many  respects  he  worked  beyond 
it,  his  scientific  studies  serving  to  correct  any  tendency  to 
an  exclusive  emphasis  upon  the  mental.  This  is  seen  in 
the  title  under  which  his  latest  writings  appear — "Dynamic 
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Realism" — in  which  many  will  find  hints  of  a  coming  phil- 
osophic movement  which  is  to  reinterpret  the  fixed  onto- 
logical  categories  of  a  past  metaphysics  in  more  dynamic 
and  organic  terms. 

Of  his  contributions  to  the  theory  as  to  the  nature  of 
consciousness  (equilibrium  theory  of  consciousness),  the 
physiological  basis  of  the  emotions,  theory  of  pleasure-pain 
(summation-irradiation  theory  of  pleasure-pain),  his  discus- 
sion of  the  reflex  arc  or  organic  circuit  under  the  terms  of 
his  own  coining  ("aesthesodic"  and  "kinesodic")  and  in  gen- 
eral his  interpretation  of  experience  in  dynamic  and  energic 
terms,  we  may  not  here  speak  in  detail.  But  the  attention 
of  the  readers  of  this  Bulletin  should  be  called  to  this  side 
of  his  work  as  it  is  embodied  in  his  various  published  writ- 
ings and  especially  in  certain  writings  which  are  yet  to  ap- 
pear." 

Ifi  the  memory  of  his  pupils  professor  Herrick  was 
greatest  as  teacher.  This  statement  can  only  be  appreciated 
by  those  who  knew  him  personally  and  were  in  his  classes. 
There  was  no  display  or  oratory.  He  was  not  what  would 
be  called  a  gifted  public  speaker,  though  he  was  often  called 
upon  for  such  services.  It  was  in  the  class  room  or  about 
the  seminar  table  or  in  general  conversation  that  the  inex- 
haustible fertility  of  his  thought  and  fine  suggestiveness  of 
his  language  appeared.  In  his  lectures  one  always  knew 
that  he  was  getting  the  best,  the  latest,  the  deepest  results 
of  his  scientific  research  and  philosophic  reflection.  Never 
was  any  work  slighted  in  which  his  students  were  involved. 
Other  things  might  be  sacrificed — time,  money,  convenience, 
even  health  itself,  but  never  the  student.  The  result  was 
•that  his  teaching  was  not  confined  to  the  class-room  or 
laboratory.  There  never  was  an  occasion  upon  which  he 
was  not  ready  to  suggest,  advise,  assist  the  groping  mind  in 
search  for  truth. 

He  was  extraordinarily  versatile  in  the  class  room.  He 
would  lecture  with  a  piece  of  chalk  in  each  hand,  sketching 
at  the  same  time  ambidextrously  upon  the  blackboard  the 
figure  he  was  describing.  Never  did  the  lecture  degenerate 
into  a  mere  description  of  the  figure.  The  figure  he  was 
describing  was  the  figure  in  his  mind — the  figure  that  he 
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was  thereby  suggesting  to  the  student's  mind.  Such  de- 
scription and  all  the  other  instrumentalities  of  the  class- 
room and  laboratory  were  always  kept  in  their  proper 
place  and  proportion  as  means  to  the  end  of  knowledge  and 
insight.  His  artistic  sense  was  too  fine  to  allow  them  ever 
to  degenerate  into  mere  ends  in  themselves;  the  technique 
of  his  teaching  was  in  itslf  a  work  of  art,  the  more  that 
it  was  unconscious  on  his  part.  His  courses  in  neurology, 
embryology,  and  histology  were  primarily  courses  in  think- 
ing. This  is  no  doubt  the  reason  why  so  many  of  his  stud- 
ents look  back  upon  his  teaching  as  a  period  of  their  in- 
tellectual awakening." 

One  of  his  colleagues  at  Denison  university  says  of 
him :  **A11  who  knew  professor  Herrick  loved  him.  DiflFer- 
ent.  friends  had  different  reasons  for  loving  him,  but  all 
agreed  in  loving.  Christian  people  loved  him  because  he 
was  a  loyal  Christian  man.  Intellectual  people  loved  and 
admired  him  because  of  his  brilliant  and  keen  intellect ; 
and  men  in  general  loved  him  because  they  saw  in  him 
a  true  and  noble  man  loving  the  truth  and  living  it  out  in 
his  daily  life." 

As  has  been  said  of  another:  **He  did  his  work  with  a 
quietness  which  concealed  its  power.  He  contributed  to 
science  our  best  example  of  the  scientific  temper.  He  was 
a  profound  thinker.  He  was  a  successful  teacher.  He  was 
a  lover,  inspirer,  and  leader  of  youth." 

Being  so  intimately  acquainted  with  Dr.  Herrick  and 
his  family  it  was  my  privilege  to  see  many  of  the  letters 
of  sympathy  and  appreciation  which  were  addressed  to  the 
bereaved  wife  and  quotations  are  made  from  a  few  of  them 
which  refer  directlv  to  the  characteristics  of  Dr.  Herrick. 

"*  *  *  Dr.  Herrick  was  a  great  man.  Had  his 
health  been  kept  good  through  the  last  ten  or  more  years 
his  work  and  writings  would  have  shown  even  more 
clearly  the  caliber  of  his  mind,  and  the  later  years  of  his 
life  would  have  been  honored  as  few  American  scientists 
are  honored. 

"I  count  myself  fortunate  in  having  known  him  so  well. 
As  a  youth  he  brought  me  at  the  university  of  Minnesota, 
some  natural  history  specimens  of    his    own     preparation. 
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That  resulted  in  his  being  employed  on  the  survey,  and 
in  his  working  up  some  of  our  material.  After  his  departure 
for  Granville  I  only  knew  of  him  by  his  publications.  But 
the  fruition  and  the  scientific  acumen  displayed  in  his  writ- 
ings fully  bore  out  the  estimate  I  formed  when  I  first 
came  to  know  him.  He  has  left  a  beautiful  and  honorable 
record  of  which  his  children  may  be  proud. 

jV.  If.    Wincheiir 

"  *  *  *  I  cannot  resist  the  desire  of  saying  a  word 
concerning  Dr.  Herrick's  later  years  in  New  Mexico. 
When  I  went  to  the  southwest  it  was  Dr.  Herrick's  pres- 
ence that  drew  me  thither.  For  several  years  I  knew  him 
as  my  teacher  in  geology  and  biology,  as  an  inspiring  com- 
panion in  camp  and-  field  and  as  a  faithful  friend  and  ad- 
visor in  every  emergency.  He  welcomed  me  not  only  into 
his  classes  but  into  his  home  as  well ;  and  I  came  to  know 
him  as  the  teacher,  the  student,  and  the  man. 

"His  work  in  New  Mexico  formed  the  most  splendid 
exhibition  of  what  heroic  courage  and  unfaltering  will  pow- 
er can  accomplish  in  the  face  of  obstacles  which  are  us- 
ually regarded  as  insurmountable.  Broken  in  health,  his 
body  wasted  by  the  disease  to  which  he  had  fallen  victim, 
he  nevertheless  worked  on  with  tireless  energy,  accomplish- 
ing the  impossible  by  sheer  strength  of  will.  Those  who 
have  not  known  of  the  conditions  under  which  his  work  was 
accomplished  can  never  realize  all  that  it  represents.  They 
see  the  finished  published  report;  but  not  the  man  rising 
from  his  bed,  within  an  hour  after  a  hemorrhage  from 
the  lungs,  to  tramp  across  the  foot-hills  to  his  work.  They 
see  the  report  of  a  geological  reconnaissance;  but  not  the 
writer  struggling  up  a  steep  mountain  slope,  straining 
every  nerve  and  muscle,  until  he  feels  the  approach  of 
another  hemorrhage;  dropping  at  last  with  exhaustion  to 
wait  for  what  he  believes  to  be  the  end,  and  lying  there 
on  a  hastily  made  bed,  under  a  drifting  snow,  through  a 
night  so  cold  that  all  the  provisions  were  frozen,  but 
rising  nex^  morning  to  press  on  through  one  of  the  worst 
snow  storms  that  ever  swept  the  Manzana  mountains.  This 
I  have  seen  and  marveled  that  human  endurance  could 
last  so  long.     And  were  the  truth  told  about  all  the  suffer- 
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ings  on  thirsty  plains  and  storm-swept  mountains,  under- 
gone by  him  who  was  not  able  to  bear  the  least  of  them, 
that  truth  would  seem  almost  incredible. 

^'Through  it  all  there  was  an  enthusiastic  devotion  to 
his  work  which  inspired  every  one  with  whom  Dr.  Herrick 
came  in  touch.  I  believe  his  students  will  agree  that  he 
had  a  rare  ability  to  enlist  enthusiastic  interest  in  every- 
thing he  did.  Whether  in  the  class-room  or  around  the 
camp  fire  his  hearers  were  inspired  with  a  new  desire  to 
know  more  about  the  wonderful  truths  of  nature  of  which 
he  talked.  This  essential  quality  of  the  successful  teacher 
he  had  in  the  highest  degree.  *  *  *  j  wanted  to  say 
at  least  one  word  to  vou  about  him  to  whom  I  owe  more 
than  I  can  realize. 

D.    W.  Johnson,   Dept,  of  Geology, 

Mass,  Institute  of  Technology,  ^ 

These  few  quotations  will  give  an  idea  of  the  high 
esteem  in  which  Dr.  Herrick  was  held  bv  those  who  came 
into  personal  contact  with  him.  I  know  of  no  better  word 
to  express  the  general  characteristic  of  the  man  than  one 
which  I  have  heard  often  used  in  reference  to  him,  and 
which  he  has  used  often  to  me  in  reference  to  himself,  and 
that  is  **pioneer."  A  pioneer  in  every  sphere  of  his  activity, 
it  was  his  task  to  lay  foundations  among  the  difficulties.  In 
material  things  he  organized  the  first  laboratories  in  Deni- 
son  University  in  biolog\'  and  geology.  He  was  instru- 
mental in  the  construction  of  the  new  science  building 
"Barney  Memorial  Science  Hall."  yet  he  never  was  to  work 
in  its  laboratories.  When  overtaken  bv  sickness  and  it 
was  known  that  he  must  leave  Denison  some  of  his  "boys'* 
went  to  his  house  with  a  closed  carriage  and  took  him  to 
the  Barney  Science  Hail  and  carried  him  through  the  fine 
laboratories  he  had  so  carefully  planned,  in  their  arms,  and 
he  remarked  that  he  believed  that  he  knew  how  Moses 
felt  when  he  was  permitted  to  view  the  promised  land. 
The  same  thing  was  experienced  at  the  university  of  Xew 
Mexico.  He  started  his  work  there  in  a  few  meagre  rooms, 
was  instrumental  in  the  erection  of  the  Hadlev  Science 
Hall,  but  was  not  i)ermitted  to  labor  in  its  laboratories. 

In    the    intellectual    field    it    was   the   same    wav.      His 
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studies  and  publications  on  the  Waverly  of  Ohio,  while 
extensiv-e,  were,  as  he  says  himself,  only  preliminary. 

In  the  field  of  biology  and  philosophy  it  is  the  same. 
He  has  opened  up  the  path  and  pointed  the  way  for  others 
to  follow.  Yet  in  spite  of  the  great  diversity  of  directions 
of  his  mental  activity  he  has  manifested  the  true  pioneer 
instincts  and  his  vision  into  the  future  development  and 
possibilities  of  each  field  of  study  has  been  clear  and  cer- 
tain. 

I  believe  the  surest  test  of  greatness  when  applied  to 
his  life  work  will  show  that  as  time  goes  on  his  work  will 
be  more  largely  appreciated  and  his  service  to  the  cause 
of  science  and  humanity  will  be  more  clearly  recognized. 

His  devoted  wife,  one  son  grown  to  manhood  and  two 
daughters  survive  him ;  the  latter  all  in  school  or  college 
and  far  away  at  the  time  of  his  death.  The  funeral  service 
in  his  home  at  Socorro  was  simple,  just  as  he  would  have 
chosen,  but  on  the  following  week,  all  departments  of  the 
university  of  New  Mexico  united  in  a  most  fitting  memor- 
ial service  at  Albuquerque,  where  those  who  had  known 
him  intimately  for  years  paid  high  tribute  to  his  worth. 

To  have  known  the  man  was  to  love  him.  To  have 
felt  the  power  of  his  influence  and  earnest  enthusiasm  in 
his  work  was  to  have  gained  an  inspiration  for  a  life-time. 

The  following  bibliography  is  as  complete  as  it  seems 

possible  to  secure,  although  it  is  known  that  he  contributed 
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THE    HIGH    ALTITUDE   CONOPLAIN;    A  TOPOGRAPHIC    FORM 
ILLUSTRATED  IN  THE  ORTIZ   MOUNTAINS. 

Bt  Ida  H   Oqilvib,  Ph.  D.  Rocklamd,  Mb. 

PLATE  II. 

During  the  past  winter  the  writer  was  engaged  upon  a 
somewhat  detailed  survey  of  the  Ortiz  mountains,  New 
Mexico.  These  mountains  are  in  the  central  part  of  the 
territory,  some  twenty-five  miles  east  of  Albuquerque,  and 
somewhat  farther  southwest  of  Santa  Fe.  The  region 
proved  to  be  of  unusual  interest  from  the  three  separate 
points  of  view  of  physiography,  petrography,  and  palaeon- 
tology. A  full  report  on  all  of  these  subjects  will  be  pub- 
lished  elsewhere,  the  present  paper  touching  only  upon  cer- 
tain physiographic  points  of  general  interest. 

The  Cordilleras  of  North  America  in  Mexico  and  for 
one  hundred  or  more  miles  north  of  Mexico,  consist  of 
many  ranges.  These  ranges  are  various  in  length,  hight 
and  direction,  but  the  general  trend  of  the  Cordilleras  as  a 
whole  is  N.  W. — S.  E.  The  ridges  are  generally  steep  and 
are  separated  by  flat  plateaus.  The  general  surface  of  the 
plateau  region  is  rarely  less  than  6,000  feet  in  altitude,  al- 
though in  some  cases  rivers  have  cut  below  the  general 
level. 

Near  the  34th  parallel  the  Cordilleran  belt  divides,  one 
portion  trending  northward,  to  and  beyond  Colorado,  the 
other  portion  running  westward  and  then  northward 
through  Arizona  and  Nevada.  These  form  respectively 
the  Rocky  mountains  and  the  Basin  ranges.  Between  them 
lie  the  great  plateaus. 

Bordering  the  Cordilleran  country  are  many  volcanic 
areas.  The  eruptions  vary  in  age  and  in  type,  extending 
from  shortly  after  the  close  of  the  Cretaceous  to  nearly 
recent  time,  and  including  volcanic  cones,  extrusive  and  in- 
trusive sheets,  dikes,  necks  and  laccoliths.  The  volcanic 
region  is  confined  to  the  borders  of  the  Cordilleran  belts. 

The  Ortiz  mountains  lie  within  this  borderland,  in  the 
eastern  branch,  not  many  miles  north  of  the  point  where 
the  ranges  fork.  They  are  laccolithic  in  origin :  post-Cre- 
taceous  and   probably   pre-Pliocene   in   age.     West  of  the 
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Ortiz  are  the  Sandia  mountains,  a  range  of  the  basin  type 
^whose  steep  western  face  marks  a  fault  scarp  with  a  throw 
of  over  4,000  feet.  On  the  east  the  Sandias  have  a  gentle 
slope  and  the  beds  dip  gently  east.  The  gentle  easterly  dip 
persists  for  many  miles,  and  across  the  edges  of  these  dip- 
ping beds  a  plain  has  been  cut.  The  plain  is  not  perfectly 
flat  but  has  irregularities  due  to  two  causes.  One  of  these 
is  the  Rio  Grande  and  its  tributary,  Galis^  creek,  which 
have  begun  to  dissect  the  plain;  the  other  the  difference  in 
hardness  of  the  various  rocks  cut,  the  edges  of  hard  beds 
standing  up  in  cuesta-like  scarps.  The  hardest  beds  in  the 
region  are  igneous  sheets,  derived  from  the  Ortiz  mountains. 

The  Ortiz  laccolith  was  intruded  after  the  strata  were 
tilted  to  the  east.  Its  cover  has  been  largely  removed  by 
erosion,  and  the  tops  of  the  central  and  highest  mountains 
(whose  altitude  is  a  little  short  of  9,000  feet)  consist  of  the 
igneous  core.  Across  the  edges  of  the  surrounding  strata 
a  plain  has  been  partly  built  and  partly  cut,  this  plain  slop- 
mg  away  from,  the  laccolith  on  all  sides.  Because  of  its 
outward  slope  in  all  directions  this  form  is  here  named  a 
conoplain,  and  its  slope  is  partly  cut  and  partly  built.  This 
conoplain  becomes  continuous  below  with  the  general  level 
of  the  region,  at  an  altitude  of  about  5,800  feet.  The  cono- 
plain has  been  cut  alike  across  the  ^Cretacic  beds  and  the 
igneous  sheets,  and  upon  its  surface  has  been  deposited 
alluvial  material  (the  Santa  Fe  marl  of  Hayden).  It  is  not 
to  be  understood  that  this  plain  is  a  smooth  surface  with 
the  configuration  of  a  cone ;  on  the  contrary  the  harder  beds 
stand  above  the  soft  to  the  extent  of  upwards  of  a  hundred 
feet.  But  a  line  drawn  from  the  central  mountains  outwards 
in  any  direction  will  pass  over  a  surface  cut  on  the  sur- 
rounding rocks  and  sloping  upwards  towards  the  mountains. 
It  is  confidently  believed  that  such  a  form  is  the  normal 
one  in  a  mountainous  arid  region,  differences  of  topographic 
age  being  marked  by  differences  in  slope. 

The  difference  in  altitude  between  the  mountains  and 
the  surrounding  plateau  (a  difference  of  about  4,000  feet)  is 
sufficient  to  produce  a  marked  difference  in  precipitation. 
Vegetation  is  the  measure  of  precipitation.  The  mountains 
catch  the  rain,  and  are  in  consequence  forest-covered,  with 
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such  types  as  Pinusponderosa  (var.  scapulorum),  Quercus 
undulata,  and  various  shrubs  of  the  oak  and  holly  families. 
Associated  with  these  are  the  cactus-like  types,  Opuntia,. 
Cereus  and  Yucca.  The  vegetation  is  thus,  for  an  arid  re- 
gion, a  considerable  one.  The  surrounding  plains  present 
a  marked  contract;  Opuntia,  Cereus  and  Yucca,  together 
with  Artemisia  (sage  brush)  form  the  prevailing  types. 
The  largest  trees  there  are  pinon  and  a  small  cedar. 

The  result  of  this  difference  in  climate  is  that  the  moun- 
tain springs  give  rise  to  streams  which  disappear  entirely 
a  short  distance  from  their  source.  Within  the  Ortiz  area 
there  is  no  permanent- stream  which  finds  its  way  to  the 
sea.  For  the  greater  part  of  the  year  the  arroyos  arf  en- 
tirely dry,  and  many  of  the  springs  dry  up  also.  But  when 
rain  comes,  it  comes  in  quantities,  and  a  few  days  of  storm 
will  start  raging  torrents. 

The  details  of  the  idea  of  the  growth  of  river  valleys 
and  of  cycles  of  erosion  have  been  developed  in  regions  of 
moderate  climate  and  of  equably  distributed  rainfall.  It  is 
evident  that  in  such  a  region  as  the  Ortiz  the  normal  erosion: 
cycle  will  be  markedly  different.  Leaving  aside  for  the 
moment  the  larger  question  of  the  origin  of  the  great 
plateaus,  and  also  the  special  case  of  the  Ortiz  mountains> 
let  us  consider  the  theoretical  erosion  history  of  an  ideal 
laccolith. 

If  we  imagine  a  symmetrical  laccolith  of  homogeneous 
rock,  to  have  arched  up  the  strata  of  previously  horizontal 
rocks,  the  initial  stage  of  erosion  may  be  compared  to  that 
of  Prof.  Salisbury's  homogeneous,  symmetrical  island.  But 
with  this  difference  that  in  the  case  of  the  island  the  limit 
in  down-cutting  is  a  result  of  checked  velocity  and  is  at  sea 
level ;  in  the  case  of  the  laccolith  the  limit  is  formed  by^the 
point  at  which  the  streams  disappear,  and  may  be  at  any 
altitude. 

The  transporting  power  of  a  istream  depends  upon 
volume  and  velocity.  An  increase  in  volume  increases  the 
transporting  power  by  more  than  a  simple  ratio;  velocity 
depends  upon  volume  and  declivity;  hence  an  increase  in 
volume  indirectly  adds  to  the  transporting  power  by  in- 
creasing the  velocity.     And  an  increase  in  declivity  aids  the 
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transporting  power  by  more  than  a  simple  ratio.  These 
facts  were  brought  out  thirty  years  ago  by  Gilbert  in  his 
<:lassic  memoir  on  the  Henry  mountains. 

The  amount  of  corrasion  which  a  stream  can  perform 
depends  upon  its  load.  The  transported  detritus  forms  the 
tool  with  which  it  cuts,  but  an  excess  of  material  prevents 
corrasion.  When  a  stream  has  all  the  load  it  can  carry,  the 
entire  energy-  is  used  in  transportation,  and  there  is  none 
for  corrasion.  If  there  is  an  excess  of  detritus,  the  trans- 
porting power  is"  insufficient  and  deposition  takes  place. 
When  a  stream  empties  into  a  body  of  standing  water  its 
velocity  is  checked,  material  is  deposited  and  further  corra- 
sion is  impossible. 

The  ordinary  peneplain,  of  Powell's  type,  is  produced 
as  a  result  of  checked  velocity.  On  emptying  into  the  sea 
a  stream's  velocity  diminishes,  it  deposits  material,  and  its 
valley  widens  by  weathering.  When  several  valleys  widen 
at  the  expense  of  the  interstream  areas  a  flat  is  formed,  and 
this  gradually  extends  upstream,  until  a  peneplain  is  pro- 
duced. But  the  initial  cause  of  these  results  is  checked 
velocity  and  that  alone. 

The  energy  of  a  stream  depends  not  only  upon  velocity 
but  also  u'on  volume.  Obviously  a  decrease  in  volume 
Avould-also  lead  to  deposition  and  to  a  cessation  of  corra- 
sion. Sue):  a  decrease  in  volume  might  take  place  in  vari- 
ous ways;  but  the  common  way  in  the  plateau  region  is 
when  a  stream  in  its  course  passes  from  a  less  arid  to  a  more 
arid  climate.  In  the  case  of  our  ideal  laccolith  the  rain 
would  all  be  caught  near  the  summit,  streams  would  become 
established  which  would  flow  down  the  slopes,  and  on 
reaching  the  arid  surrounding  plain  these  streams  would 
speedily  dry  up.  This  result  would  be  accomplished  partly 
by  evaporation  and  partly  by  soaking  in,  as  a  result  of  the 
lower  ground  water  level. 

In  the  case  of  the  laccolith,  the  process  is  aided  by 
lessened  declivity.  The  form  being  a  constructional  one, 
pushed  up  out  of  a  previously  existing  plain,  there  would 
he  a  change  in  grade  in  passing  away  from  the  slopes  of  the 
mountains.  This  decrease  in  declivity  would  produce  a 
corresponding  decrease  in  velocity.     Hence  lessened  volume 


The  High  Altitude  Conoplain—OgUvie.  31 

and  lessened  velocity  would  work  together  to  produce  depo- 
sition at  a  point  near  the  edge  of  the  disturbed  area. 

If  the  rainfall  were  equably  distributed  the  point  of  dis- 
appearance of  streams  would  gradually  move  nearer  the 
mountains  as  more  material  accumulated.  The  theoretical 
end  of  the  cycle  would  come  when  the  laccolith  became  so 
far  reduced  that  it  could  no  longer  catch  the  moisture,  and 
wind  alone  would  carve  its  surface.  This  old  age  laccolith 
would  in  a  general  way  resemble  the  mature  island ;  it  would 
have  slight  elevation,  be  carved  by  radial  valleys,  and 
would  be  surrounded  by  a  cut  plain  sloping  gently  away  on 
all  sides,  this  in  turn  being  surrounded  by  a  built  plain. 
The  whole  would  be  closely  analogous  to  the  sea  level  forms 
of  peneplain  grading  seaward  into  stratified  deposits. 

But  in  the  region  under  consideration  this  ideal  cycle 
probably  never  took  place,  since  it  would  normally  be  inter- 
fered with  by  the  two  factors,  unequal  annual  distribution 
of  rainfall  and  wind. 

The  effect  of  the  unequal  distribution  of  rainfall  is  an- 
alogous to  that  of  an  oscillating  coast.  Given  a  coast  that 
is  alternately  rising  and  sinking,  no  peneplain  will  be  pro- 
duced. If  an  approximation  towards  it  develops,  a  slight 
uplift  win  rejuvenate  the  streams  causing  them  to  incise 
steep-sided  channels ;  a  slight  sinking  will  drown  the 
streams  and  fill  their  channels  with  deposits. 

Similar  processes  are  normally  going  on  in  the  degrada- 
tion of  a  laccolith.  The  burning  heat  of  summer  pushes 
the  point  of  disappearance  nearer  the  mountains,  and  even 
most  of  the  springs  go  dry.  At  some  uncertain  period  in 
the  fall  or  winter,  rains  come  and  then  torrents  rush  down 
rapidly  cutting  through  the  previously  formed  alluvial  de- 
posits, redepositing  them  farther  out  on  the  plain.  These 
mountain  torrents  often  change  their  courses  entirely  from 
one  season  to  the  next,  the  course  depending  upon  the  more 
or  less  fortuitous  arrangement  of  the  surrounding  alluvial 
material.  Therefore  the  surrounding  conoplain  is  deeply 
scarred  with  arroyos  and  there  are  more  arroyos  than  are 
ever  full  at  any  one  time.  Hence  in  no  stage  of  the  actual 
erosion  cycle  is  the  conoplain  absolutely  flat.  In  all  stages 
it  will  be  cut  by  gullies,  but  surface  inequalities  will  be 
largely  obliterated  by  filling  with  alluvial  deposits. 
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In  the  usual  erosion  cycle  in  a  moist  climate,  deposi- 
tion is  a  mark  of  increasing  age.  There  are  notable  excep- 
tions, but  in  the  typical,  normal  case  a  flood-plain  is  formed 
after  a  considerable  amount  of  down-cutting  has  been  done 
at  the  mouth  of  the  stream.  In  the  laccolithic  cycle  deposi- 
tion takes  place  at  all  stages  and  in  all  places  except  the 
uppermost  slopes.  For  if,  after  a  rain,  a  flood  stream  ex- 
tends its  course  two  miles  onto  the  plain  and  there  dries  up, 
for  the  last  mile  and  a  half  or  so  it  will  have  been  losing 
volume  and  velocity  and  will  have  been  depositing  its 
material  either  as  a  flood  plain  or  as  an  alluvial  fan.  If  a 
few  days  later  it  has  shrunk  in  volume  and  extends  only 
one  mile  onto  the  plain,  its  transporting  power  will  have 
decreased  throughout  its  length  and  deposition  will  be  tak- 
ing place  at  the  edge  of  or  within  the  mountains.  As  the 
stream  continues  to  shrink,  its  transporting  power  decreases 
until  material  is  dropped  well  within  the  mountains.  This 
deposition  of  material  is  a  normal  feature  of  all  stages  of 
the  erosion  cycle,  though  obviously  more  material  will  have 
been  deposited  when  old  age  is  reached  than  in  youth. 

The  form  taken  by  the  alluvial  deposits  is  somewhat 
diffierent.in  the  two  climates.  The  general  process  of  cut 
and  fill  is  the  same  for  both,  but  the  surface  configfuration 
differs.  An  old  valley  emptying  into  the  sea  develops  flood 
plains  along  its  lower  course  and  also  a  delta  at  its  mouth. 
These  deposits  are  laid  down  in  standing  or  in  slowly  mov- 
ing water. 

The  banks  of  the  river  are  still  higher  than  its  chan- 
nel and  the  flood  plain  is  a  sort  of  filling  dropped  into  the 
bottom  of  a  curve  concave  upwards.  The  laccolithic  de- 
posits are  as  a  rule  built  up  on  a  flat  with  no  pre-existing 
valley,  and  they  take  the  form  of  alluvial  fans.  The  con- 
fluence of  several  fans  from  neighboring  streams  may 
produce  a  plain. 

In  the  normal  erosion  cycle  in  a  humid  region  the  cross 
section  of  the  valleys  changes  from  a  steep  sided  V  in 
youth,  to  a  gentler  sloped  U  in  maturity.  In  arid  regions 
the  U  shape  never  comes.  If  the  valleys  widen,  it  is  by 
the  retreat  of  nearlv  vertical  cliffs.  The  reason  seems  to 
be  that  moisture  and  its  results,  soil  and  vegetation,  are  at 
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a  minimum,  hence  there  are  no  causes  to  produce  the  soften- 
ing prominent  in  an  eastern  landscape.  And  when  water 
is  present  at  all,  it  comes  in  sufficient  bulk  to  produce  a  tor- 
rent of  large  volume  and  high  velocity.  Such  a  torrent 
anywhere  would  cut  steep-sided  canyons,  provided  only 
that  the  rock  cut  into  is  sufficiently  hard  to  stand  in  cliffs. 
In  many  cases  jdints  are  present  which  cause  the  rock  to 
break  off  in  blocks  leaving  cliff  faces.  So  in  the  erosion 
cycle  of  our  laccolith,  the  plain  will  not  only  be  scarred  at 
all  stages,  but  it  will  at  all  stages  be  cut  by  steep-sided 
canyons.* 

Another  interference  with  the  ideal  cycle  is  the  wind. 
No  one  who  has  seen  the  whirlwinds  moving  over  the 
deserts  of  Sonora  or  Chihuahua  can  feel  any  doubt  as  to 
the  great  possibilities  of  wind  as  an  erosive  agent.  The 
general  effect  of  wind  upon  a  region  such  as  the  one  under 
consideration  would  be  the  removal  of  fine  material,  thereby 
lowering  the  plains,  the  scarring  of  the  hard  rock  by 
mechanical  abrasion,  and  the  drying  of  the  soil. 

Such  may  be  considered  the  normal  factors  of  erosion, 
but  the  cycle  in  nature  is  usually  interrupted,  or  has  ab- 
normal conditions  at  the  start.  Among  the  interruptions 
may  be  mentioned  vulcanism,  the  presence  of  some  large 
river  flowing  to  the  sea,  and  climatic  changes.  For  if  some 
river  is  near  enough  to  be  reached  by  the  streams,  the  lac- 
colith at  once  becomes  a  part  of  the  drainage  basin  of  that 
river  and  its  cycle  is  limited  by  the  level  of  the  river,  which 
in  turn  is  limited  by  sea  level.  Variations  in  humidity 
would  change  the  position  of  the  point  of  disappearance, 
and  damper  epochs  would  produce  rejuvenation. 

The  actual  laccolith  is  rarely  ideal,  but  usually  consists 
of  several  different  intrusions,  not  necessarily  circular  in 
outline,  into  strata  not  originally  horizontal,  the  whole  more 
or  less  disturbed  by  faulting.  The  Ortiz  mountains  are 
abnormal  in  all  these  respects.  It  is  no  part  of  the  present 
paper  to  describe  them,  but  only  to  point  out  the  generali- 
ties of  this  process  as  exemplified  in  them. 

If  it  is  possible  for  a  plain  to  be  cut  at  high  altitude 
in  the  case  of  a  small  and  isolated  laccolith,  the  question 
at  once  arises  as  to  whether  some  similar  process  may  not 
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have  produced  the  broad  areas  of  the  great  plateaus.  It  is 
difficult  of  demonstration,  but  the  impression  is  very  strong 
that  these  plains  are  not  peneplains  cut  at  sea  level,  but 
that  they  were  produced  at  their  present  altitude  by  some 
process  more  or  less  analogous  to  the  preceding. 

Whatever  the  factors  affecting  the  region  as  a  whole, 
there  seems  no  manner  of  doubt  that  the  conoplain  of  the 
Ortiz  has  been  produced  in  some  such  manner.  There  is 
no  evidence  whatever  of  the  presence  of  any  large  lake  or 
sea  that  could  have  afforded  even  a  temporary  baselevel  for 
the  cutting.  Nor  is  th^re  any  evidence  that  the  country 
has  been  reduced  to  a  lower  level  than  it  has  at  present, 
since  the  Miocene.  We  are  forced  to  the  conclusion  that 
the  sloping  plains  surrounding  mountain  masses  were  cut 
at  their  present  altitude,  and  that  diminishing  volume  was 
the  essential  factor  in  the  cutting. 


GENETIC  AND  STRUCTURAL    RELATIONS   OF  THE    IQNEOUS 

ROCKS  OF  THE    LOWER    NEPONSET  VALLEY, 

MASSACHUSETTS.* 

By  W.  O.  CROSBY,  Boston,  Mais. 
INTRODUCTION. 

The  Lower  Xeponset  valley,  or  more  specifically,  that 
part  of  the  valley  of  the  Xeponset  river  within  the  limits 
of  the  Boston  basin,  properly  embraces  all  that  part  of  the 
Boston  basin  between  the  Blue  "bills,  a  denuded  anticlinal 
axis  dividing  the  r>oston  basin  from  the  parallel  and  over- 
lapping trough  of  Carboniferous  sediments  known  as  the 
Norfolk  basin,  and  the  broad  band  of  conglomerate  extend- 
ing westward  from  Savin  hill  on  Dorchester  bay  through 
Dorchester.  Roxburv.  West  Roxburv,  Brookline  and  New- 
ton  into  VVellesley  and  Needham.     This  great  belt  of  con- 

•  This«  paper  Is  an  advance  presentation,  In  outline,  of  a  portion  of 
Part  iv  of  the  author's  detailed  and  systematic  study  of  the  Geologry 
of  the  Boston  Basin  in  cours*)  of  publication  In  the  series  of  Occasional 
Papers  of  the  Boston  Society  of  Natural  History.  For  the  petro^aphic 
distinctions  in  this  field  the  author  is  Indebted  to  Dr.  Florence  Bascom, 
whose  preliminary  observations  on  the  volcanics  only  have  been  pub- 
lished (Bull.  Oeol.  Soc.  America,  vol.  11,  115-126).  and  whose  more  com- 
plete and  elaborate  work  on  both  the  volcanics  and  plutonlcs  awaits 
Sublication  in  connection  with  the  forthcoming  Part  iv  of  the  Boston 
tasin  scries. 
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glomerate,  some  three  miles  in  normal  breadth,  is,  struc- 
turally, one  simple,  flat-topped  and  somewhat  unsymmet- 
rical  anticline,  the  central  and  dominant  arch  of  the  Boston 
basin  (the  Shawmut  anticline),  separated  from  the  Blue 
hills  or  southern  highlands  by  the  Lower  Neponset  valley, 
and  from  the  northern  highlands  by  the  Lower  Charles 
valley,  each  of  these  main  lateral  valleys  exhibiting,  in  the 
general  view,  a  synclinal  structure,  with  slate  as  the  pre- 
vailing surface  formation,  but  being,  withal,  as  complex  in 
geological  structure  as  the  central  ridge  or  water-parting 
is  simple.  As  thus  defined,  the  Lower  Neponset  valley 
is,  west  of  Boston  harbor,  a  rectangular  area  some 
three  miles  wide  and  eight  to  ten  miles  long,  including,  on 
the  mainland,  small  portions  of  the  towns  of  Canton  and 
Dedham,  the  whole  of  Hyde  Park,  the  northern  half  of  Mil- 
ton and  Quincy  and  the  southern  half  of  West  Roxbury 
and  Dorchester.  It  is  an  area  of  great  topographic  as  well 
as  geologic  complexity,  and  although,  in  general,  low  lying; 
includes,  in  Bellevue  hill,  the  highest  land  within  the  Bos- 
ton basin.  The  district  here  included  in  the  Neponset 
valley  is  not  now  wholly  drained  by  the  Neftonset  river, 
this  study  naturally  following  geologic,  more  closely  than 
topographic  or  hyprographic,  boundaries. 

The  Lower  Neponset  valley  is  essentially  an  epitome 
of  the  entire  basin,  since  it  also  consists  of  a  central  anti- 
cline of  conglomerate  bordered  on  either  side  by  a  well- 
defined  slate  syncline.  The  southern  syncline,  extending 
through  Milton  and  Quincy,  widens  rapidly  eastward,  a 
somewhat  open  and  composite  trough,  while  the  northern 
syncline,  extending  through  West  Roxbury  and  Dor- 
chester, is  a  relatively  deep  and  narrow  isocline. 

The  immediate  valley  of  the  Neponset  is  developed  in 
the  complex  and  strongly  denuded  anticline  which  thus 
divides  the  more  southerly  of  the  two  main  troughs  of  the 
Boston  basin,  and  which  narrows  eastward  for  the  simple 
reason  that  the  axis  pitches  or  inclines  in  that  direction. 
The  prevailing  sedimentary  rock  of  this  belt  is  conglom- 
erate, and  the  attitude  or  structure  of  the  conglomerate  as 
a  whole  is  anticlinal.  It  dips  northward  along  the  north- 
ern border,  passing  beneath  the  slate  of  the  deep  and  nar- 
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row  Dorchester-West  Roxbury  synclirie;  while  along  the 
southern  border  the  dip  is  southerly  and  the  conglomerate 
passes  below  the  slate  of  the  much  broader  and  composite 
Quincy-Milton  syncline.  That  the  anticline  itself  is  not  a 
simple  arch  is  plainly  indicated  by  the  narrow  band  of  slate 
developed  at  intervals  along  the  middle  of  the  conglomerate 
belt  and  the  existence  of  at  least  two  anticlinal  axes,  pitch- 
ing to  the  east  and  rising  to  the  west,  is  further  indicated 
by  the  fact  that  toward  the  west,  where  erosion  has  cut 
through  the  conglomerate  and  interbedded  flows  of  basic 
lava  we  have  exposed,  not  one,  but  two,  ridges  of  the  under- 
lying crystalline  rocks — granite  and  felsite — representing 
the  floor  upon  which  the  conglomerate  series  was  deposited. 
These  two  axes  are,  at  most  points,  of  unequal  prominence ; 
and  in  their  denuded  western  extensions  the  northern  axis 
largely  predominates  ,  forming  the  broad,  irregular  and 
broken  ridge  projecting  into  the  Boston  basin  from  the 
western  highlands  of  Dedham  and  Needham  and  including 
the  granite,  quartz  porphyry  and  felsite  of  the  Bellevue 
Hill  district  and  the  Stony  Brook  reservation,  the  felsites 
of  the  northern  part  of  Hyde  Park  and  the  felsites  and 
more  basic  lavas  of  the  Mattapan  district  of  Dorchester. 
The  minor  southern  axis  is  seen  in  the  narrow  band  of  fel- 
site and  basic  lava,  lying  mainly  south  of  the  Neponset, 
between  Readville  and  Milton  Lower  Mills. 

Over  a  part  of  this  area  several  flows  of  basic  lava  or 
andesite  are  interstratified  with  the  conglomerate;  and 
during  the  geological  revolution  or  period  of  disturbance 
following  the  accumulation  of  these  strata  and  the  formerly 
overlying  slate  upon  the  old  floor  of  felsite  and  granite, 
they  were  forced  into  a  gigantic  arch  from  one  to  nearly 
three  miles  broad.  This  great  fold,  however,  partially 
broke  down  in  the  making,  and  its  collapse  was  attended 
by  the  formation  of  the  minor  folds  and  numerous  faults. 
Subsequent  erosion  has  been  so  extensive  as  to  remove  the 
entire  thickness  of  slate  from  the  crest  of  the  great  anti- 
cline, except  where  it  has  been  carried  down  most  deeply 
by  these  minor  folds  and  the  faults,  occurring  now  in  nar- 
row and  discontinuous  belts  wedged  in  between  the  larger 
masses  of  conglomerate.    The  erbsion  has  also  been  suffi- 
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cient  to  cut  through  the  conglomerate  series  and  the  inter- 
bedded  andesite,  toward  the  western  end  of  the  arch,  where 
they  were  most  elevated,  and  thus  expose  the  ancient  foun- 
dation of  felsite  and  granite. 

Probably  no  phase  of  this  study  possesses  a  greater  in- 
trinsic interest  than  the  comparison  of  the  denuded  major 
axis  of  the  Neponset  anticline  with  the  Blue  Hills  complex, 
which  is  but  the  denuded  axis  of  the  great  anticline  separ- 
ating the  Boston  and  Norfolk  basins;  and  aside  from  the 
disparity  in  area,  it  is  surprising  to  find  how  marked  is  the 
similarity,  except  in  minor  details,  and  how  few  are  the 
vital  contrasts.  In  general  terms,  it  may  be  stated  that 
hardly  anything  is  precisely  similar  in  the  two  areas  and 
nothing  is  radically  different.  In  the  smaller  area  as  in  the 
larger  we  have  isolated  masses  of  Cambrian  strata  involved 
in  a  complex  of  post-Cambrian  granitic  rocks,  including  the 
normal  granite,  the  contact  zone  of  fine  granite  and  quartz 
porphyry,  the  effusive  felsites  and  the  intersecting  dikes  of 
diabase  of  several  different  systems.  The  chief  contrast  is 
found  in  the  relatively  greater  abundance  in  the  Neponset 
complex  of  the  effusive  felsites,  their  more  varied  character, 
the  great  profusion  of  dikes  of  felsite  in  the  granites,  the 
more  positive  identification  of  some  of  the  principal  vents 
or  points  of  emission  of  these  acid  lavas,  and  the  far  more 
complete  and  clearer  exhibition  of  their  relations  to  the 
later  basic  lavas  and  the  inclosing  Carboniferous  strata. 

Among  the  problems  of  special  interest  presented  by 
the  Neponset  anticline  and,  apparently,  admitting  of  suc- 
cessful determination,  may  be  mentioned :  the  detailed  rela- 
tions of  the  rocks  of  the  basal  complex ;  the  mutual  rela- 
tions of  the  acid  and  basic  lavas — rhyolite  (felsite)  and 
andesite ;  and  the  relations  of  both  types  of  volcanics  to  the 

THE  BASAL  COMPLEX. 

The  basal  complex  may  best  be  defined  as  comprising 
all  of  the  pre-Carboniferous  terranes  of  this  region,  both 
sedimentary  and  eruptive;  or  more  specifically,  as  consist- 
ing of  the  Cambrian  strata  and  any  other  pre-Carboniferous 
and  pregranitic  sediments  which  future  investigation  may 
prove  to  exist  here,  together  with  the  intersecting  and 
associated  igneous  rocks  of  pre-Carboniferous  age,  includ- 
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ing  the  normal  granite  or  main  body  of  the  batholite,  and 
its  contact  zones  of  diorite,  fine  granite  and  quartz  por- 
phyry, arrd  the  dikes,  necks  and  flows  of  acid  lavas  or  fel- 
sites.  As  thus  defined,  the  igneous  part  of  the  complex  is 
clearly  the  product  of  the  chemical  and  textural  diflPerenti- 
ation  of  a  single  great  body  of  magma,  embracing,  besides 
the  truly  plutonic  mass  or  batholite  proper,  developed,  with 
its  variable  contact  zone,  under  and  in  the  Cambrian  strata, 
the  intrusive  and  effusive  masses  evolved,  after  extensive 
erosion  of  the  Cambrian  cover,  from  either  still  unsolidified 
or  remelted  deep-seated  portions  of  the  batholite. 

That  the  batholite,  with  ^he  complicating  sedimentary 
and  igneous  phases,  which  gives  it  the  character  of  a  true 
and  typical  complex,  is  continuous  under  all  the  newer 
formations  of  the  region  and,  in  its  successive  phases,  essen- 
tially contemporaneous  throughout,  is  highly  probable ;  and 
the  variations  observed  from  point  to  point  must,  there- 
fore, be  regarded  either,  as  actual  and  due  in  part  to  differ- 
ences in  the  original  magma  resulting  from  the  fusion  of 
the  pre-Cambrian  floor  and  in  large  part,  also,  to  the  vary- 
ing thickness  and  composition  of  the  original  Cambrian 
cover,  or  as  merely  apparent  and  due  to  the  varying  depths 
of  pre-Carboniferous  and  post-Carboniferous  erosion,  or 
again,  as  due  to  the  localization  of  the  intrusive  and  effusive 
phenomena  which  followed  the  formation  of  the  batholite 
proper,  adding  greatly  to  its  structural  complexity. 

If,  with  these  ideas  in  mind,  we  compare  more  partic- 
ularly than  heretofore  the  portion  of  the  basal  complex 
rising  westward  from  beneath  the  Carboniferous  sediments 
of  the  Neponset  valley  with  the  portion  exposed,  as  the 
result  of  still  more  extensive  erosion,  in  the  Blue  Hills  area, 
we  find  the  more  notable  differences  to  be  as  follows:  First, 
the  normal  granite  of  the  Neponset  valley  is  prevailingly 
coarser  grained  and  the  ferromagnesian  constituent  (chiefly 
hornblende)  is  more  generally  and  extensively  altered 
(chloritized).  Second,  the  differentiation  of  the  contact 
zone  appears  to  have  been  almost  wholly  textural.  and  not, 
to  any  important  extent,  chemical,  in  the  Neponset  Valley 
district :  and  hence  we  find  here  only  traces  of  diorite 
(which  is  also  true  of  the  Blue  hills)  and  nothing  closely 
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corresponding  to  the  basic  porphyry  and  the  basic  phase 
of  the  fine  granite  of  the  Blue  Hills  area.  Third,  the 
effusive  acid  lavas  or  felsites  are,  relatively,  more  abundant 
and  far  more  varied  in  the  Neponset  valley  than  in  the  Blue 
hills.  Fourth,  the  dikes  of  both  acid  and  basic  lavas  so 
characteristic  of  the  basal  complex  in  the  Neponset  valley 
are  practically  or  wholly  wanting  in  the  Blue  hills.  Fifth, 
the  necks  or  actual  vents  of  the  effusive. acid  lavas  are  far 
more  normally  and  typically  developed  in  the  Neponset 
valley  than  in  the  Blue  hills,  while  the  vents  of  the  basic 
lavas  are  wholly  wanting  in  the  latter  area.  Sixth,  the 
dikes  of  diabase,  which  are  found  in  the  eastern  and  north- 
ern parts,  and  are  practically  wanting  in  the  main  range  of 
the  Blue  hills,  are,  in  the  Neponset  valley,  characteristic 
of  all  parts  of  the  complex  as  well  as  of  the  overlying  sedi- 
ments, no  considerable  area  being  free  from  them.  Seventh, 
erosion  has  left  in  the  Neponset  Valley  section  of  the  com- 
plex, so  far  as  it  is  now  exposed,  only  very  scanty  traces  of 
the  origir^al  Cambrian  cover. 

GENERAL  HISTORY  OF  THE  COMPLEX. 

After  what  precedes  a  brief  statement  will  suffice  here, 
the  main  purpose  being  a  more  systematic  outline,  pref- 
atory to  the  lithologic  and  structural  details  of  the  com- 
plex. As  in  the  Blue  Hills  area,  this  area  or  part  of  the 
general  batholite  of  eastern  Massachusetts  is  believed  to 
have  been  developed  beneath  a  great  thickness  of  Cumbrian, 
and  possibly  of  later,  sediments,  of  which  erosion  has  left 
only  a  few  highly  altered  remnants.  The  thickness  of  the 
Cambrian  cover  was*  due  primarily  to  extensive  sedimenta- 
tion and  secondarily  and  chiefly  to  severe  or  isoclinal  plica- 
tion. The  thickening  of  the  super-crust  thus  determined 
was  sufficient  to  induce  a  rise  of  the  isogeotherms,  an  out- 
flow of  the  subterranean  heat,  so  marked  as  to  involve  soft- 
ening and  final  fusion  of  the  sub-crust  or  floor  on  which 
the  Cambrian  sediments  were  deposited,  developing  thus  a 
great  body  of  granitic  magma,  the  corrosive  action  of  which 
led  to  the  absorption  of  considerable  volumes  of  the  sedi- 
mentary  cover  and  gave  rise,  no  doubt,  to  the  normally 
highly  irregular  and  unconformable  contact. 

This  thickening  of  the  super-crust  and  consequent  great 
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heat  invasion  was,  doubtless,  accompanied  by  a  strong  ele- 
vation of  the  surface,  permitting  extensive  erosion,  which, 
in  turn,  favored  the  refrigeration  of  the  batholite  and  the 
development  from  the  originally  homogeneous  magma  of  a 
vast  body  of  normal  granite,  with  a  contact  zone  consisting, 
normally,  of  an  inner  layer  of  fine  granite  and  an  outer 
layer  of  quartz  porphyry,  both  phases  of  the  contact  zone 
being  the  products  mainly  of  a  textural  rather  than  a  chem- 
ical differentiation  of  the  magma. 

Long  continued  erosion,  removing  in  large  part  the 
sedimentary  cover  of  the  batholite  and  probably  cutting  at 
some  points  through  its  contact  zone  into  the  normal  gran- 
ite, was  followed  by  a  period  of  volcanic  activity,  due  pos- 
sibly to  cracking  and  hydration  of  the  body  of  the  batholite, 
during  which,  acid  lava,  chiefly  rhyolitc,  now  existing  in 
a  devitrified  form  as  aporhyolite  or  felsite,  was  poured  out 
over  the  eroded  surface  of  the  batholite.  Several  of  the 
volcanic  necks  or  vents  of  these  effusive  eruptions  have 
been  definitelv  located  and  their  details  of  form  and  struc- 
ture  more  or  less  fullv  worked  out.  From  the  vents  or 
chimneys  of  these  most  ancient  volcanoes  of  the  Boston 
basin  radial  dikes  of  felsite  extend  outward  into  the  granitic 
rocks.  As  a  chronologically  distinct  record,  the  complex 
was  now  complete :  but  it  was  destined  to  be  still  further 
complicated:  for  these  effusive  acid  eruptions  appear  to 
have  marked  the  beginning  of  the  progressive  subsidence 
which  inaugurated  the  deposition  of  the  Carboniferous 
sediments,  beginning  with  the  great  conglomerate  series; 
and  during  the  subsidence  and  clastic  sedimentation  the 
effusive  eruptions  continued,  but  became  of  more  basic 
character — grading  from  rhyolite  through  trachyte  to  an- 
desite,  which  in  its  present  altered  form  as  apoandesite  or 
porphyrite  has  been  heretofore  classed  as  melaphyre,  but 
is  now  known  to  be  less  basic  than  that  type.  The  ande- 
sitic  eruptions,  from,  presumably,  greater  depths  than  the 
source  of  the  acid  lavas,  are  marked  by  fissurelike  necks, 
by  numerous  dikes  cutting  a:Il  the  older  rocks,  and  espec- 
ially by  successive  massive  flows  or  contemporaneous  beds 
intercalated  in  the  conglomerate  series. 

The  volcanic  activity  finally  ceased  and  continued  sub- 


Relations  of  the  Igneoas  Rocks — Crosby.  41 

sidence  introduced  the  deep  water  conditions  permitting  the 
deposition  of  the  slate  series  into  which  the  conglomerate 
series  gradually  merges  upward.  The  deposition  of  the 
slate  series  was  closed,  it  is  supposed,  by  the  Appalachian 
revolution,  during  which  the  Carboniferous  sediments  were 
strongly  folded  and  faulted  and  injected  by  still  more  baste 
magma  from,  possibly,  still  greater  depths,  forming  the 
older  or  east-west  series  of  diabase  dikes,  now  largely  chlo- 
ritized  or  typical  greenstone.  Still  later,  and  probably  con- 
temporaneously with  the  Triassic  sedimentation  and  ac- 
companying igneous  activity  in  the  Connecticut  valley, 
were  formed  the  diabase  dikes  of  the  newer  or  north-south 
series. 

With  this  the  rock  formations  of  the  Neponset  valley 
were  complete,  and  its  latet;  geological  history  is  recorded 
only  in  the  erosion  accomplished  during  later  Mesozoic 
and  Tertiary  ages  and  culminating  in  the  great  ice  invasion 
of  post-Tertiary  or   Pleistocene  time. 

THE  CAMBRIAN  STRATA. 

The  existing  small  remnants,  the  larger  less  than  a 
thousand  feet  long,  of  the  body  of  Cambrian  strata  which 
we  suppose  to  have  once  formed  a  continuous  cover  over 
the  batholite  in  the  Neponset  valley,  as  in  other  parts  of  the 
Boston  basin,  appear  to  be  confined  to  the  vicinity  of  the 
Boston  and  Hyde  Park  boundary,  in  the  eastern  part  of  the 
Stony  Brook  reservation  and  the  immediately  contiguous 
territory. 

The  sedimentary  rock,  of  supposed  Cambrian  age,  is  all 
slate,  of  a  uniformly  massive,  hard  and  distinctly  meta- 
morphic  character.  The  prevailing  color  is  dark  gray ;  but 
it  varies  to  Jighter  shades;  and  very  generally  the  rock  is 
perceptibly  veined  or  clouded  with  the  green  of  epidote, 
indicating  that  the  slate  was,  originally,  more  or  less  cal- 
careous, the  lime  having  as  an  essential  phase  of  the  igne- 
ous fiiatamorphism,  combined  with  the  alumina  and  silica 
of  the  slate  to  form  epidote.  This  feature  allies  it  with  the 
Lower  Cambrian  slates  of  Weymouth,  Quincy,  Nahant. 
etc.;  but  in  other  respects  it  bears  a  striking  resemblance  to 
the  massive,  gray,  non-calcareous  Middle  Cambrian  slates. 
as  these  are  developed  on  Hayward  creek  in  Rraintree  and 
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along  the  north  side  of  the  Blue  hills.  It  exhibits  in  a  good 
degree  the  characters  of  a  true  hornstone;  but  it  is  no- 
where of  flinty  hardness ;  and  the  fact  that  it  is  never  visibly 
micaceous  testifies  to  the  essentially  non-alkaline  character 
of  the  sediment.  As  a  rule,  the  stratification  is  hopelessly 
obscure;  but  at  a  few  points,  which  are  so  distributed  as  to 
cover  practically  the  entire  group  of  ledges,  it  is  fairly  dis- 
tinct and  entirely  unequivocal.  The  attitude  of  the  bed- 
ding is,  as  usual  in  the  Cambrian  of  the  Boston  basin,  very 
constant,  with  east-west  strike  and  vertical  dip. 

The  essential  relation  of  these  sediments  to  the  com- 
plex is  clearly  indicated,  not  alone  by  their  metamorphic 
character,  but  also  by  typical  igneous  contacts  with  the 
fine  granite  and  quartz  porphyry  of  the  contact  zone,  and 
irregular  dikes  or  apophyses  of  the  quartz  porphyry  and 
more  regular  dikes  of  normal  felsite. 

BODY  OF  THE  BATHOLITE. 

Normal  Granite — This  is  a  coarsely  crystalline  aggre- 
gate of  feldspar  and  quartz,  chiefly,  with  a  small  propor- 
tion of  a  dark  constituent  regarded  by  Dr.  Bascom  as  chlo- 
ritized  amphibole.  The  feldspars,  according  to  this  author- 
ity, include  orthoclase,  commonly  of  a  pinkish  tint  due  to 
oxidation,  and  a  lime-bearing  albite  in  which  the  greenish 
tint  due  to  epidotization  is  more  or  less  marked.  The  an- 
alysis shows  an  acid  rock,  similar  to  the  normal  granite  of 
the  Blue  hills,  but  rather  more  basic  and  richer  in  plagio- 
clase,  though  poorer  in  the  fcrrp-magnesian  constituent. 

The  outcrops  of  normal  granite  are  chiefly  confined 
to  two  rather  irregular  areas ;  and  the  general  relations  of 
these  to  the  complex  is  not  central,  as  might  seem  most 
natural,  but  peripheral.  They  form,  respectively,  the 
northern  and  southwestern  borders  of  the  complex,  and 
converge  but,  apparently,  do  not  meet,  to  the  northwest- 
ward, in  the  vicinity  of  Grove  and  Center  streets.  The  dis- 
positions of  the  normal  granite  is  such  as  to  suggest  at 
once  a  general  monoclinal  or  shallow  synclinal  structure  for 
the  complex, — the  surface  of  the  normal  granite  forming  a 
trough  the  axis  of  which  pitches  to  the  southeast,  thus 
allowing  the  normal  granite  to  slope  southward  and  north- 
eatsward  beneath  the  contact    irwfl-.jat  -Jilft    granite  and 
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quartz  porphyry  and  a  great  thickness  of  volcanic  and  sedi- 
mentary formations.  In  the  direction  of  its  disappiearance 
the  normal  granite  does  not  reappear  north  of  the  Blue 
hills;  and  undoubtedly  its  disposition,  especially  in  relation 
to  the  unaltered  sedimentary  formations  which  jneet  it  ab- 
ruptly on  the  north,  in  the  West  Roxbury  district,  finds  its 
readiest  explanation  in  a  profound  displacement  along  the 
northern  border  of  the  complex,  with  the  downthrow,  of 
course,  to  the  north. 

The  normal  granite  is  observed  at  many  points  to 
grade  upward  into  the  fine  granite  by  which  it  is  bordered; 
and  its  surface  continuity  is  frequently  interrupted  by 
island-like  outliers  of  the  fine  granite.  These  relations  are 
particularly  well-exhibited  in  the  broad  and  massive  ledges 
in  the  area  bounded  by  Washington,  Grove  and  Center 
streets  and  Cottage  avenue;  and  nowhere  more  favorably 
than  in  the  vicinity  of  the  large  quarry  on  Cottage  avenue, 
northwest  of  Washington  street. 

CONTACT  ZONE  OF  THE  BATHOLITE. 

Fin^  Granite — The  chief  diflference  between  this  type 
and  the  normal  granite  is  textural.  The  essential  minerals, 
according  to  Dr.  Bascom,  are  the  same,  with  the  addition 
of  a  little  microcline  and  oligoclase  to  the  feldspars. 
Quartz  is  reported  as  more  abundant,  and  the  chloritized 
ferromagnesian  constituent  as  less  so,  and  these  distinctions 
are  confirmed  by  the  analysis,  which  shows  higher  silica 
and  lower  lime,  magnesia  and  iron. 

The  fine  granite  belongs  to  the  contact  zone  and  hence 
overlies  the  normal  granite.  It  might,  therefore,  where 
not  removed  by  erosion,  be  expected  to  exhibit  a  broad 
areal  development,  but  for  the  fact  that  it  is,  in  turn,  cov- 
ered by  the  quartz  porphyry  phase  of  the  contact  zone.  In 
harmony  with  this  general  relation  and  the  shallow  syn- 
clinal structure  of  this  part  of  the  batholite,  the  principal 
area  of  the  fine  granite  takes  the  form  of  an  irregular  V- 
shaped  belt,  1000  to  3000  feet  wide,  separating  the  normal 
granite  on  the 'north  and  southwest,  from  the  quartz  por- 
phyry on  the  south  and  northeast,  respectively. 

As  to  the  thickness  of  the  fine  granite,  we  have  no  very 
definite  clue.       No  approximately  vertical    or    continuous 
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section  shows  both  the  normal  granite  below  the  fine  granite 
and  the  quartz  porphyry  above  it.  In  other  words,  we 
have  no  data  for  a  direct  determination  of  the  thickness, 
save  that  it  must  exceed  the  hight  of  the  highest  hill  com- 
posed wholly  of  the  fine  granite,  or  say  75  feet.  It  would 
be  readily  deducible  from  the  surface  breadth  if  the  dip 
-were  known.  Assuming  the  dip  to  be  low  and  inversely 
proportional  to  the  surface  breadth,  gives  a  maximum  thick- 
ness of  a  few  hundred  feet  at  the  most;  and  100  to  200  feet 
may,  perhaps,  be  accepted  as  a  conservative  estimate,  con- 
firming the  conclusions  reached  in  the  study  of  the  Blue 
Hills  complex. 

The  finer  granite.of  the  contact  zone  is,  in  a  fair  sense, 
a  bed  of  passage,  since  it  grades  downward  into  the  nor- 
mal granite  and  upward  into  the  quartz  porphyry;  and, 
normally,  its  original  contacts  are  nowhere  sharply  de- 
fined, but  distinctly  blending.  It  may  be  noted,  however, 
that,  as  in  the  Blue  Hills  complex,  the  contact  with  the 
normal  granite,  though  .blending,  is  rather  abrupt,  the  com- 
plete transition  from  the  one  rock  to  the  other  being  ac- 
passage  upward  into  the  quartz  porphyry  is  usually  more 
or,  possibly,  in  extreme  cases,  a  single  foot.  Although  the 
complished  in  some  exposures  in  the  breadth  of  a  few  feet 
sedimentary  rocks. 

gradual,  all  observers  must  recognize  that  the  fine  granite, 
^o  far  from  being  all  gradation,  is  chiefly  remarkable  for  the 
uniformity  of  texture  throughout  almost  its  entire  thick- 
ness. In  fact,  it  rivals  the  normal  granite  in  this  respect. 
Locally,  and  especially  near  the  quartz  porphyry,  it  may 
pass  into  a  true  microgranite ;  but  it  is  in  general  a  macro- 
granite  of  very  homogeneous  aspect.*  That  the  fine  granite 
is  older  than  the  normal  granite  and  younger  than  the 
quartz  porphyry,  and  that  these  three  distinct  but  blend- 
ing sedentary  zones  of  the  batholite  exhibit  the  structural 
relations  which  this  sequence  requires,  will  probably  not  be 
questioned  by  those  familiar  with  the  field  evidence. 
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Quartz  Porphyry — This  upper  or  peripheral  member 
of  the  contact  zone  has  been  designated  by  Dr.  Bascom  the 
rhyolitic  facies  of  the  granite  or  more  succinctly  rhyolite, 
and  more  explicitly  porphyritic  aporhyolite;  and  for  this 
usage  the  petrographic  characters  undoubtedly  afford 
ample  warrant.  But  in  order  the  more  sharply  to  distin- 
guish this  essentially  plutonic  type  from  the  much  younger 
and  very  dissimilar  intrusive  and  effusive  rhyolites,  it  is 
proposed  to  employ  here  the  good  descriptive  term  quartz 
porphyry.  The  rock  in  question  is  in  every  instance  a  true 
quartz  porphyry,  with  conspicuous  phenocrysts  of  both 
quartz  and  feldspar;  and,  as  befits  its  plutonic  origin,  it  is. 
of  remarkably  uniform  character,  matching  the  granites  in 
this  respect;  while  the  clastic,  fluidal  and  spherulitic  struc- 
tures so  charactjristic  of  the  newer  rhyolites  are  conspic- 
uous by  their  absence.  Such  variation  as  the  quartz  por- 
phyry shows  is  due  chiefly  to  its  gradation  downward  into 
the  fine,  granite ;  and,  as  Dr.  Bascom  has  noted,  its  texture, 
though  aphanitic,  allies  it  with  the  microgranitic  phase  of 
the  fine  granite,  and  unlike  the  younger  rhyolites  it  is  rarely 
truly  cryptocrystalline. 

In  its  distribution  the  quartz  porphyry  tends  to  form 
a  V-shaped  zone  concentric  with  the  fine  granite,  and  sepa- 
rating the  underlying  fine  granite  from  the  overlying 
effusive  rhyolite  or  felsite.  The  lower  border  of  the  quartz 
porphyry  is  rendered  rather  vague  and  indefinite  at  most 
points  by  its  blending  contact  with  the  fine  granite.  The 
upper  border,  on  the  other  hand,  where  the  quartz  por- 
phyry meets  the  effusive  rhyolites  or  felsites  is,  in  the  na- 
ture of  the  case,  sufficiently  definite  but  highly  irregular, 
since  we  have  here  a  true  erosion  unconformity,  and  two 
formations,  although  of  closely  similar  composition  and 
probably  derived  from  the  same  original  magma,  are  strong- 
ly contrasted  in  structure  and  widely  separated  in  geolo- 
gical time. 

Summary  and  Compariicn — Neglecting  unimportant 
occnirences  of  diorite  and  aplite,  which  may  be  described, 
respectively,  as  relatively  basic  and  relatively  acid  phases 
«  segregations  of  the  normal  granite,  and  hence  as  pro- 
ducts of  a  chemical  differentiation     of     the  main  body  or 
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primal  magma  of  the  batholite,  we  have  now  considered  all 
of  the  sedentary  or  truly  plutonic  rocks  of  the  batholite. 
These  have  been  described  in  the  order  of  superposition, 
which  is,  of  course,  the  inverse  order  of  age,  since  the  re- 
frigeration of  the  batholite  must  have  progressed  from  the 
periphery  downward  or  centripetally.  That  the  differenti- 
ation of  the  normal  granite  and  the  contact  zone,  and  the 
further  differentiation  of  the  fine  granite  and  quartz  por- 
phyry of  the  contact  zone,  are  not  wholly  textural  is,  as 
noted  by  Dr.  Bascom,  clearly  shown  by  analyses,  according 
to  which  the  normal  granite  is  the  most  basic  and  the  fine 
granite  the  most  acid,  while  the  quartz  porphyry  is  inter- 
mediate in  composition,  although  not  so  in  position.  By 
Avay  of  explanation  of  this  chemical  relation.  Dr.  Bascom 
has  suggested  that  specific  gravity  and  convective  currents 
may  have  been  factors  in  producing  a  somewhat  more  acid 
peripheral  zone  to  the  batholite,  while  the  outer  or  quartz 
porphyry  border  to  this  zone,  following  the  general  law 
of  the  order  of  crystallization  (virtually  fractional  crystalli- 
zation), by  its  earlier  crystallization  left  the  inner  portion 
of  the  zone  or  fine  granite  more  acid  than  either  the  quartz 
porphyry  or  normal  granite.  To  this  explanation  may, 
perhaps,  be  added  the  influence  of  hydration.  It  appears 
reasonable  to  suppose  that  the  primal  magma  of  the  batho- 
lite, formed  under  a  thick  and,  necessarily,  a  hydrated  sedi- 
mentary cover,  and  due  in  part  to  the  absorption  of  large 
volumes  of  this  cover,  would  naturally  be  more  highly 
hydrated  in  its  superficial  than  in  its  deep-seated  portions; 
and  since  the  characteristic  elements  of  an  acid  magma,  in- 
cluding silica  and  the  alkalies,  have  a  stronger  affinity  for 
water  than  have  the  lime,  magnesia  and  iron  oxide  charac- 
teristic of  basic  magmas,  we  have  here  a  cause  tending  to 
keep,  if  not  to  make,  the  batholite  superficially  acid. 

That,  in  comparison  with  the  granitic  rocks  of  other 
districts,  this  part  of  the  batholite  was  formed  under  a 
moderate  depth  of  cover,  is  believed  to  be  indicated  by  the 
relatively  slight  amount  of  chemical  differentiation,  by  the 
absence  of  an  original  micaceous  constituent,  and  especially 
by  the  almost  entire  absence  of  a  pegmatitic  phase  in  the 
normal  granite.    The  absence  of  marked  differentiation  ex- 
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tends,  in  the  main,  to  the  earlier  intrusions  in  the  batholite, 
since,  with  one  exception,  these  are  relatively  acid,  and 
differ  but  little  in  composition  from  the  sedentary  members 
of  the  batholite. 

(Continued  in  Augrust  Number.) 


EDITORIAL  COMMENT. 


ANOTHER  METEORITE  IN  THE  SUPREME  COURT. 

'It  was  decided  by  the  Iowa  supreme  court,  in  the  case 
of  the  Winnebago  meteorite,  that  the  meteorite  belongs  to 
the  owner  of  the  land  on  which  it  falls.  The  tenant  found 
the  stone  and  sold  it.  The  owner  brought  suit  to  regain  it, 
and  after  some  years  of  litigation  and  delay  the  court 
assigned  the  meteorite  to  the  owner  of  the  land. 

The, Oregon  meteorite  case  is  somewhat  different.  A 
metallic  mass  is  admitted  by  both  parties  to  be  of  meteoric 
nature  and  origin,  and  as  such,  according  to  the  Iowa  de- 
cision, it  belongs  to  the  owner  of  the  land  on  which  it  fell. 
The  date  of  its  fall  however  is  unknown,  and  there  is  evi- 
dence tending  to  show  that  it  was  a  piece  of  personal  prop- 
erty, separate  from  the  land  on  which  it  was  found,  for 
many  years  prior  to  the  date  of  discovery.  The  issue  and 
the  attendant  conditions  have  been  stated  as  follows  by  the 
Oregon  /ournal: 

The  Oregon  City  meteorite  case  was  argued  before  the  supreme 
court  yesterday.  This  is  an  action  brought  by  the  Oregon  Iron  & 
Steel  company  to  obtain  possession  of  the  metallic  meteorite  found 
by  Ellis  Hughes  in  November,  1902,  on  the  land  of  the  Oregon  Iron 
ft  Steel  company,  about  two  and  a  half  miles  west  of  Oregon  City. 
The  interesting  subject  of  this  controversy  was  found  standing  up- 
right on  a  slight  knoll.  It  is  of  metallic  composition,  with  a  dull, 
rusty  surface,  its  top  or  flat  surface  being  gouged  out  into  hiige  pot- 
holes or  washbowls.  As  it  stood  it  resembled  very  much  in  ap- 
pearance a  mammoth  mushroom  or  inverted  bell,  in  size  seven  by 
ten  feet  across  at  the  top,  and  four  and  a  half  feet  thick,  its  weight 
l^eliig  estimated  at  from  three  to  four  tons.  It  has  the  specific 
gimyity  of  soft  iron,  and  in  compocition  is  90  per  cent  soft  iron,  10 
per  eeat  ]ii<^el,  with  a  trace  of  cobalt. 
•       Hvgkes  alleged  that  this  was  an  abandoned  Indian  relic  and 
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that  he  was  the  first  white  dlscoTcrer  of  It  and,  believing  he  had 
a  right  to  It,  he  co&Etructed  a  rude  wagon  and  hauled  it  to  his 
own  home,  about  three-quarters  of  a  mile  distant.  He  alleged  that 
this  meteorite  was  the  property  of  the  Clackamas  tribe  of  Indians 
(now  disbanded  and  nearly  all  dead),  and  that  they  had  a  tradition 
that  this  magic  roch,  called  by  tbem  "Tomanowos,"  came  from  the 
moon,  and  posssssed  supematurtl  influence.  He  claimed  that  it 
was  fashioned,  erected,  maintained  and  used  by  them  to  hold  the 
fluid  Id  which  they  were  wont  to  dip  their  arrows  before  engaging 
In  battle  with  their  Indian  foes,  and  that  their  young  warriors  were 
compelled  to  Journey  over  there  and  visit  this  spirit  being  on  the 
darkest  nights.  To  substantiate  these  claims  two  Indian  witnesses 
were  produced,  who  testified  that  the  above  facts  were  true, 
according  to  the  legends  of  their  tribes.  One  of  them  was  a  mem- 
ber of  the  Klickitat  tribe  of  Indians  and  the  other  was  a  Wasco 
Indian. 

Both  parties  to  this  case  agree  that  the  object  is  a  meteorite, 
but  no  proof  has  been  oflered  by  either  to  show  when  it  arrived  on 
earth.  The  Oregon  iron  ft  Steel  company  denies  that  It  Is  an 
Indian  relic,  and  claims  title  to  it  by  virtue  of  ownership  of  the 
land  upon  which  it  was  found. 

It  may  safely  be  assumed,  ])robably,  that  this  iron  fell 
on  the  land  where  it  was  found,  although  there  is  no  proof 
of  it.  The  Indians  who  previously  visited  and  worshipped 
it  could  not  have  transported  it.  If  they  had  ownership  of 
the  land  they  owned  the  specimen.  As  they  did  not  remove 
it,  when  the  land  passed  from  them  it  would  seem  that  the 
meteorite  went  with  the  land.  But  the  consideration  that 
they  had  used  it  as  a  special  object,  for  a  special  purpose, 
foreign  to  the  uses  to  which  land  as  such  is  devoted  seems 
to  make  it  an  object  of  personal  property.  They  may  have 
erected  it  in  the  position  in  which  it  stood,  and  may  have 
deepened  the  "potholes"  on  its  upper  surface.  If  a  man 
sculptures  a  statue  from  some  rock  on  his  land,  when  he 
sells  the  land  the  statue  does  not  go  with  the  land.  If  the 
Clackamas  Indians  did  not  own  the  land,  and  yet  visited 
and  controlled  the  specimen  for  a  specific  use  without  ob- 
jection from  others,  it  seems  reasonable  to  assume  that  the 
specimen  was  not  an  appurtenance  of  the  land  and  that 
they  had  the  right  to  remove  it.  If  they  abandoned  it, 
without  removal,  it  seems  to  belong  to  that  class  of  Indian 
relics  of  which  many  examples  are  known  and  which  the 
finder,  rightly  or  wrongly,  becomes  the  owner. 

If  the  specimen  is  an  Indian  relic  the  ownership  thereof 
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may  still  be  in  the  owner  of  the  land.  He  is  a  trespasser 
who  wilfully  passes  on  to  his  neighbor's  domain ;  and  he  is 
still  more  a  trespasser  if  he  removes,  against  the  owner's 
protest,  any  of  the  property  of  his  neighbor.  N.  H.  w. 

Note. — Since  the  foregoing  was  written  the  Oregon 
supreme  court  has  decided  this  case,  as  follows,  as  published 
in  the  Portland  Oregonian : 

Oregon  Iron  and  Steel  Company,  respondent,  vs.  Bills  Hitglies, 
appellant,  from  Clacblunas  county,  T.  A.  HcBrlde,  Judge;  affirmed: 
opinion  by  Chief  Justice  Wolverton. 

Held,  that  a  meteoric  rock  1b  a  part  ot  the  real  propertf  upon 
which  It  falls,  and  evidence  that  Indians  worshipped  the  rock  and 
dipped  their  arrows  In  the  water  held  In  Its  cavities  Is  not  suf- 
ficient to  show  that  the  Indians  had  dug  the  rock  from  the  ground 
and  acquired  title  to  It  as  personal  property.  The  question 
whether  Indian  ownership  and  abandonment  Is  sufficient  ground 
upon  which  to  predicate  title  In  the  finder  Is  not  decided. 

The  court  did  not  consider  the  evidence  as  to  the 
ownership  of  the  specimen  as  personal  property  by  the 
Indians  of  sufficient  force  to  warrant  the  reference  of  the 
esse  to  a  jury  for  determination.  That  evidence  failing, 
there  was  left  the  bare  question  as  to  whether  the  meteorite 
belonged  to  the  real  estate  or  to  the  finder.  In  that  the 
Oregon  court  coincided  with  the  Iowa  court  in  re  Winne- 
bago meteorite.  N.  H.  w. 
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Contribations  to  Devonian  Paleontology,   1903.     Henry   Shaler  Wil- 
liams and  Edward  M.  Kindle.     Bull.  IT.  S.  Oeol.  Surv.,  No.  214, 
1S06.   pp.   1-144. 
Bearing  of  Sonte   New   Paleontologic   Facts   on    Nomeaclatare    and 
ClaatiSeatiaa   of  Sedimentary    Formations.     Henry   Shaler  Wil- 
Uams,  Bull.  Geol.  Soc.  Amer..  Vol.  16,  March.  1906.  pp.  137-160. 
1  No.  244  consists  of  two  parts.  No.  I.  listing  and  dls- 
l  T'owll  faunas  of  the  Devonian  and  Misslsslpplan  (Lower 
of  Virginia,  West  Virginia  and   Kentucky,"  while 
part  D.  considers  in  a  similar  manner  the  "Fossil  faunae  of  Devon- 
Ian  sections  In  central  and  northern  Pennsylvania."    A  large  num- 
ber of  sections  In     Kentucky,    Virginia    and    West    Virginia  are 
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described  by  Dr.  Kindle  and  accompanied  by  lists  of  fossils  of  the 
various  faunules.  The  above  is  followed  by  a  series  of  short 
articles,  among  which  may  be  mentioned  ''Correlations/'  ''The  Rcns- 
selaeria  fauna/'  "The  black  shale  and  its  fauna/'  "The  upper  De- 
vonian faunas  of  the  middle  Appalachians"  and  a  "List  of  diagnostic 
Chemung  species"  by  professor  Williams.  In  part  II.  the  descrip- 
tions of  the  sections  in  central  and  northern  Pennsylvania  are 
mainly  by  Dr.  Kindle;  but  the  formational  and  faunal  correlation 
is  considered  much  more  fully  than  in  the  preceding  part  by  both 
Kindle  and  Williams. 

These  two  papers  have  recently  been  reviewed  by  professor 
Schuchert*  who  considered  critically  the  lower  Devonian,  or  the 
Heldcrbergian  and  Oriskanian  series.  It  appears  that  similar  notes 
concerning  the  middle  and  upper  Devonian,  to  which  this  review 
will  be  largely  restricted,  might  be  of  value. 

Professor  Schuchert  seems  inclined  to  question  the  identification 
of  Anoplotheca  acntipJicata  from  the  black  shale  near  Covington 
and  Hot  Springs,  Virginia.  The  writer  considers  that  the  identi- 
fication is  probably  correct,  for  the  same  species  occurs  near  the 
base  of  the  black  shale  or  Marcellus  member  of  the  Romney  forma- 
tion in  western  Maryland.  The  Maryland  specimens  were  exam- 
ined by  Dr.  John  M.  Clarke  so  that  no  question  can  be  raised  re- 
garding their  specific  identity.  From  the  occurrence  of  the  above 
species  and  Anoplia  associated  with  others  which  are  "regarded  as 
confined  to  the  Marcellus  shale  of  New  York"  professor  Williams 
concludes  "that  the  black  shale  was  deposited  in  a  thick  mass  in 
the  Appalachian  trough  before  the  fauna  of  the  Onondaga  (Comi- 
ferous)  formation  was  extinct."  In  connection  with  the  above  it  is 
well  to  remember  that  the  Onondaga  fauna  entered  New  York  from 
the  west  and.  generally,  is  supposed  to  have  reached  no  farther 
south  than  northeastern  Pennsylvania.  Dr.  Clarke  has  shown  that 
"early  Marcellus  deposits  in  (.astern  New  York  were  •  •  •  con- 
temporaneous with  late  Onondaga  deposits  in  western  New  York.'t 

On  page  45  of  the  Bulletin  professor  Williams  speaks  of  the 
Romney  formation  as  though  it  were  composed  entirely  of  black 
shale  and  this  idea  is  expressed  by  him  more  distinctly  in  the 
second  paper  under  consideration.  The  term  Romney  formation 
was  first  published  by  Mr.  Dart  on  in  1892  in  this  journal  and  was 
applied  to  the  rocks  in  the  vicinity  of  Romney,  a  town  scarcely  15 
miles  south  of  the  Potomac  river  in  Hampshire  county  in  the  north- 
ern part  of  West  Virginia.  It  is  located  within  the  Potomac  basin 
and  there  is  very  slight  change  in  the  litholog>'  or  fauna  of  the 
deposits  in  western  Maryland  to  which  this  name  has  subsequently 
been  applied.  The  writer  has  shown  that  both  on  lithological  and 
faunal  grounds  the  Romney  formation  of  northern  West  Virginia 
and  western  Maryland  may  be  divided  into  two  members.  The 
lower  one  is  composed  principally  of  fissile  black  shale,  weathering 

•  Am.    Jour.    Sol..    4iii    Sit..    Vol    xix,  June,  1906,  pp. 
t  N.    Y.    State   Museum,    Bull.   25,   1906,  p.   «9. 
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to  a  brownish  or  buff  color,  together  with  some  bands  of  dark-colored 
thin  limestone,  with  a  total  thickness  of  about  500  feet.  The  lime- 
stones contain  Agoniatites  expansas  (Vanuzem)  which  is  so  char- 
acteristic of  a  thin  limestone  in  the  lower  part  of  the  Marcellus 
shale  in  New  York  that  its  generic  name  has  been  given  to  it,  while 
the  black  shales  contain  numerous  specimens  of  Liorbynchus  limi- 
tare  (Vanuxem)  and  some  other  species  which  are  regarded  as 
characteristic  of  the  New  York  Marcellus  shale.  In  a  general  way 
this  member  corresponds  with  the  Marcellus  shale  of  New  York 
with  which  it  has  been  correlated.  The  upper  member  is  composed 
of  bluish  or  bluish-gray  shales  and  sandstones  with  an  approximate 
thickness  of  1,100  feet.  This  member  contains  numerous  specimens 
of  characteristic  Hamilton  species  of  New  York  and  frequently  the 
entire  16  species  which  professor  Williams  has  previously  listed  as 
the  ''dominant  species  of  the  Hamilton  formation  of  eastern  New 
York  and  Pennsylvania."  Evidence  indicates  that  the  deposits  of 
the  Romney  formation  in  Maryland  apparently  closed  at  about  the 
same  geological  time  as  the  Hamilton  beds  of  New  York,  and  in  a 
general  way  this  member  has  been  correlated  with  the  Hamilton 
beds  of  New  York.  It  is  not  intended  to  state  that  the  limits  of 
the  Romney  formation  in  northern  West  Virginia  and  Maryland  are 
exactly  contemporaneous  with  the  limits  of  the  Erian  series  of  New 
York;  but  there  Is  a  striking  similarity  in  most  details  and  it  is 
believed  that  there  is  no  serious  error  in  this  general  correlation. 
The  deposits,  called  Romney  shale,  which  professor  Williams 
has  studied  in  the  field,  their  fossils  In  the  laboratory,  and .  dis- 
cussed in  Bulletin  No.  244  are  located  in  southern  Virginia  and 
eastern  Kentucky.  These  collections  later  were  supplemented  by 
others  made  by  Dr.  Kindle  In  Kentucky,  Virginia  and  southern 
West  Virginia.  It  appears,  however,  that  the  locality  farthest 
north  from  which  collections  were  made  is  110  miles  or  more  to  the 
southwest  of  Romney  and,  apparently,  the  nearest  outcrops  of  the 
so-called  Romney  shale  which  professor  Williams  studied  in  the  field 
are  220  miles  or  farther  to  the  southwest  of  that  town.  It  is  well 
known  that  there  is  a  rapid  thinning  and  marked  lithologic  change 
in  the  Devonian  deposits  as  they  are  followed  from  the  Potomac 
basin  to  the  southwest.  Professor  Williams'  own  statement  "that 
in  the  correlation  of  local  formations  the  same  species  of  fossils 
alone  (when  so  much  as  50  miles  of  distance  separates  their  sta- 
tions) can  not  be  relied  on  for  establishing  more  than  a  general 
homotaxial  relation  of  the  formations  compared"*  would  suggest 
caution  in  correlating  with  the  Romney  formation  the  deposits  of 
Bland  county  in  southwestern  Virginia,  220  miles  to  the  southwest. 
The  statement  of  professor  Williams  that  "the  rocks  belonging  to 
the  part  of  the  column  called  Romney,  in  central  and  southern  Vir- 
ginia, contain  chiefly  the  faunas  found  in  New  York  in  the  Mar- 
cellus, Genesee,  and  Nunda  ('Portage')  with  only  traces  of  the  Ham- 

*  Bui.  Qeol.  80c.  Amer.,  vol.  16.  p.  147. 
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ilton  fauna  near  their  basest  is  probably  true  for  the  region  which 
he  studied  but  Is  incorrect  for  the  Potomac  basin  in  which  the 
typical  outcrops  of  the  Romney  formation  occur.  As  we  have 
shown  above,  the  Romney  formation  in  its  standard  region  contains 
in  its  lower  member  essentially  the  fauna  of  the  Marcellus  shale  and 
in  its  upper  member  that  of  the  Hamilton  beds  of  New  York.  It  is 
not  until  in  the  succeeding  or  Jennings  formation  that  the  Genesee, 
Naples  or  Portage,  Ithaca  and  Chemung  faunas  are  found. 

Probably  that  portion  of  part  U.  of  most  general  interest  is  the 
discussion  and  correlation  of  sections  in  Northumberland  and 
Columbia  counties  of  central  Pennsylvania  which  had  been  adopted 
as  standard  ones  by  the  state  survey  in  the  Interpretation  of  the 
geology  of  that  part  of  the  state.  Perhaps  the  most  Important  one 
is  the  Catawissa  section  on  the  Susquehanna  river  which  was  very 
carefully  studied  by  Dr.  Kindle  in  the  field  and  the  correlation  re- 
viewed by  professor  Williams.  Dr.  Kindle  shows  that  the  calcar- 
eous shales  in  this  section  which  were  correlated  with  the  TuUy 
limestone  by  the  Pennsylvania  survey  contain  a  Hamilton  fauna, 
"not  one  of  the  characteristic  Tully  forms  appearing."  Dr.  Kindle, 
however,  considered  that  the  zone  ''occupies  the  stratigraphlcal 
position  of  the  Tully  limestone  of  New  York"  while  professor  Wil- 
liams stated  that  it  and  the  two  subjacent  zones  contain  "the  normal 
fauna  of  the  Hamilton  formation."  The  writer  showed  in  1894  that 
the  calcareous  shale  in  Pike  and  Monroe  counties  in  northeastern 
Pennsylvania,  which  the  state  survey  correlated  with  the  Tully 
limestone  of  New  York  is  succeeded  by  some  200  feet  of  very  fossll- 
iferous  shales  containing  a  characteristic  Hamilton  fauna  which  he 
referred  to  the  Hamilton  formation.*  The  investigations  of  Dr. 
Kindle  clearly  show,  however,  that  the  calcareous  shales  of  central 
Pennsylvania  correlated  with  the  Tully  limestone  of  New  York  by 
the  Pennsylvania  Survey  occur  at  a  higher  stratigraphic  horizon 
than  those  of  northeastern  Pennsylvania  as  was  inferred  and  pub- 
lished by  the  writer  in  1894.t  The  succeeding  225  feet  of  bluish- 
black  shales  are  correlated,  on  account  of  lithological  similarity, 
with  the  Genesee  shale  and  rather  more  than  25  feet  above  their 
top  appears  the  first  faunule  of  the  Nunda  (Portage)  formation. 
Professor  Williams  states  that  the  name  Nunda  formation  has  been 
adopted  to  designate  what  has  heretofore  been  called  the  Portage 
or  Nunda  group.  Two  hundred  feet  above  the  top  of  the  Genesee 
shale  is  a  faunule  containing  Spirifcr  pennatus  var  postents  which 
is  considered  as  the  first  appearance  of  the  Ithaca  fauna  that  then 
continues  through  about  1,400  feet  of  deposits  to  almost  the  base 
of  the  lowest  red  shales.  Dr.  Kindle  states  that  no  characteristic 
Chemung  forms  appear  in  these  deposits  and  professor  Williams 
concludes  that  "Faunally  the  evidence  of    the    Chemung  formation 

^  —     .     ■  -  ■      -.     ..  Ill  M^»a^^M^H 
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Bui.   r.  S.  Geol.   Surv.,  No.   120.   pp.,  71-73. 
t  Ibid.,  p.  73. 
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must  be  looked  tor  in  the  still  higher  strata."  The  last  deposita 
considered  were  correlated  with  the  Chemung  formation  l](7  the 
Pennsylvania  survey  in  the  upper  portion  of  which  they  reported 
the  characteristic  Chemung  species  Spiri&r  disjuoctua.  From  the 
lowest  reported  horizon  of  this  species  Dr.  Kindle  carefully  searched 
every  remaining  foot  of  the  so-called  Chemung  deposits  without  find- 
ing a  single  specimen  of  Spirifer  disjuncttts.  This  is  in  perfect 
harmony  with  the  writer's  experience  in  northeastern  Pennsylvania 
where  he  failed  to  find  this  species  which  was  reported  in  rocks  of 
so-called  Chemung  age.^  This  detailed  work  of  Kindle  and  Wil- 
liams confirms  the  writer's  correlation  in  1894  of  the  so-called  Che- 
mung of  northeastern  Pennsylvania  with  the  Paracyclaa  lirata  fauna 
of  the  Portage  of  eastern  New  Torkt  which  later  he  demonstrated 
belonged  in  the  Ithaca  formation.^  It  is  interesting,  however,  to  re- 
member that  farther  to  the  southwest  in  western  Maryland  the 
higher  Devonian  faunas  contain  numerous  specimens  of  Spirifer  dia- 
juactus  associated  with  some  of  the  other  species  which  pntfessor 
Williams  lists  as  diagnostic  of  the  Chemung.  C.  S.  P.   - 
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Estimation  of  the  Silica  in  the  Bedford  Limestone  — The 
specimen  used  in  this  work  was  obtained  from  a  quarry  near  Bed- 
ford, Indiana,  and  it  is  known  locally  as  the  Bedford  limestone.  It 
is  a  light-colored  rock,  fine  grained  in  texture,  and  is  widely  used 
and  favorably  regarded  as  a  building  material. 

The  amount  of  residue  insoluble  in  hydrochloric   acid  which 
proved  to  be  mainly  silica  was  determined  by  three  different  meth- 
ods as  follows: 
Method  1. 

A  grain  of  the  fine  powder  was  placed  in  a  small  beaker  covered 
with  a  watch  glass.  Dilute  hydrochloric  acid  was  added  and  the 
contents  of  the  beaker  gently  heated  to  boiling.  After  standing 
a  short  time,  the  undissolved  portion  was  filtered  off  and  the 
weight  determined. 
Method  2. 

A  grain  of  the  powder  was  placed  in  a  porcelain  evaporaing 


M;.    I-  . 


58  The  American  Geologist.  ^^^^  •  ^^^^ 

dish,  and  while  covered  with  a  watch  glass,  dilute  hydrochloric 
acid  was  added.  It  was  left  on  the  water  bath  until  effervescence 
ceased,  the  accumulations  on  the  watch  glass  were  rinsed  off,  and 
the  evaporation  continued  until  crystals  began  to  appear.  Then 
as  the  evaporation  went  forward,  the  substance  was  stirred  with  a 
{Alass  rod  until  a  fine  dry  powder  resulted.  This  was  moistened 
With  concentrated  hydrochloric  acid  and  left  on  the  water  bath  for 
a  few  moments.  Dilute  hydrochloric  acid  and  water  were  added  and 
after  sanding  a  short  time,  the  insoluble  residue  was  filtered  off, 
dried  in  the  air  bath,  and  its  weight  determined.  The  insoluble 
residue  was  obtained  three  different  times  by  each  of  the  two 
methods,  varying  the  weight  of  the  original  amount  taken.  The 
results  were  as  follows: 
Method  1. 

(a)  With  one   gram   substance 0.54  per  cent. 

(b)  "      three  grams       "        0.56    " 

(c)  "      ten  "  "        0.65    " 

Method  2. 

(a)  With   one   gram   substance 0.65  per  cent. 

(b)  "      three  grams       "         0.55    " 

(c)  "      ten  "  "        0.65    " 

To  determine  further  the  nature  of  the  residue,  whether  it  was 
all  silica,  or  wholly  or  partly  a  silicate,  it  was  treated  In  the 
platinum  crucible  with  a  few  drops  dilute  sulphuric  acid,  and  the 
crucible  was  nearly  filled  with  a  dilute  solution  of  hydrofluoric  acid. 
It  was  evaporated  on  the  water  bath  and  the  excess  of  sulphuric 
acid  removed  with  the  free  flame. 

Residue  in  Crucible  obtained  by  method  1: 

(a)  One  gram  substance 0.13  per  cent. 

(b)  Three    "  "         0.12     " 

(c)  Ten        •*  "         0.14     " 

Residue   in   Crucible   obtained   by   method   2: 

(a)  One  gram  substance 0. 13  per  cent. 

(b)  Three    "  "         0.12    " 

(c)  Ten        **  "         0.11    " 

A  blank  test  was  made  using  sulphuric  and  hydrofluoric  acid 
in  the  crucible  and  evaporating  to  dryness.  No  residue  was  ob- 
tained. 

The  residue  in  the  crucible  was  determined  and  found  to  be 

Aluminum  and  iron  sulphate 0.08    % 

Calcium  sulphate   0.058  % 

Magnesium  sulphate  0.00 


0.138% 
Method  3.       To  compare   the  Insoluble  residue  obtained   by 

fusion  witli  aUcaUne'  cftrbonAte  with  the  amount  obtained  by  the 

foregoing  methods. 

A  grsm  eC  the  Am  tVoqk  powder  was  thoroughly  mixed  in  the 
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platinum  crucible  with  seven  grams  of  anhydrous  sodium  carbonate. 
The  sodium  carbonate  used  was  a  good  quality  of  Merck's  manu- 
facture. It  was  further  purified  by  dissolving  a  quantity  in  water 
and  filtering.  This  after  fractional  crystallization  seemed  to  be 
entirely  free  from  silica.  The  covered  crucible  was  heated  for 
fifteen  minutes  with  a  Bunsen  flame,  then  with  a  blast  lamp  ta 
complete  fusion.  The  cooled  mass  was  transferred  to  a  porcelain^ 
evaporating  dish  and  dissolved  in  dilute  hydrochloric  acid.  B^rap- 
oration  was  continued  on  the  water  bath  until  crystals  began  ta 
appear.  It  was  then  stirred  with  a  glass  rod  until  a  fine  dry 
powder  was  obtained.  It  was  treated  with  hydrochloric  acid  as  in 
method  2  before  described.  The  insoluble  residue  obtained  by  thia 
method  amounted  to  0.53%.  This  treated  with  sulphuric  and  hydro- 
fluoric acids  left  a  residue  of  0.16%.  The  results  are  fairly  con- 
cordant with  those  obtained  by  methods  1  and  2,  but  on  account 
of  the  difficulty  of  getting  pure  sodium  carbonate,  and  the  length 
of  time  and  the  labor  necessary  to  obtain  the  result,  this  procesa 
is  not  to  be  commended  with  rocks  of  this  character.  Indeed 
method  1  is  greatly  to  be  preferred,  whenever  circumstances  per- 
mit, on  account  of  its  simplicity,  and  the  shortness  of  time  required. 
During  the  course  of  this  work  our  attention  was  called  to  the- 
estimation  of  silica  as  outlined  by  Treadwell*  in  his  excellent 
treatise  on  quantitative  analysis.  After  removing  the  insoluble 
residue  according  to  method  2,  it  is  stated  that  "as  much  as  5  per 
cent  of  the  total  amount  (of  silica)  may  remain  in  the  filtrate.  In 
order  to  remove  this  the  filtrate  from  the  first  precipitate  is  once 
more  evaporated  to  drsmess  on  the  water  bath  and  kept  on  the 
hot  water  bath  for  one  or  two  hours  or  more.''  It  is  then  filtered 
after  treatment  with  hydrochloric  acid  and  water  in  the  usual 
manner. 

Several  determinations  were  made  in  which  the  suggestions  of 
Tread  well  were  strictly  carried  out.  One  gram,  five  grams  and  ten 
grams  of  substance  were  used.  In  no  case  was  even  a  trace  of 
residue  obtained  by  the  second  treatment.  The  experiment  was 
varied  by  using  a  specimen  of  argillaceous  limestone  that  contained 
18  per  cent  of  silica.  A  second  portion  of  residue  could  not  be 
obtained  from  this  specimen. 

A  complete  analysis  of  the  Bedford  limestone  resulted  as  fol- 
lows: 

CaCo^  93.66% 

Mg.  Co*   5.42% 

Si  O* 0.66% 

Pe>  O*  and  Al'  0« 0.60% 


100.02% 
The  condition  of  the  iron  was  tested  by  placing  three  grams 
of  the  powdered  rock  in  a  flask  of  12  c  c  capacity,  fitted  with  a. bulb 

^  Treadwell-Hall's  Quantitative  analysis,  page  384. 
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tube  and  Bunsen  valve.  The  material  wag  dtssolved  In  a  imall 
iiuantlty  of  dilute  hydroclitorlc  add.  A  tew  drops  of  tlie  aolntlqit 
quickly  withdrawn  and  placed  on  a  porcelain  tile  in  contact  with 
a  solution  of  potassium  ferricjanlde  sbowed  a  slight  tinge  of  bine. 
A  few  drops  ot  a  solution  of  potassium  sulpho  cyanate  were  then 
quickly  Introduced  Into  the  flask  when  a  red  color  waa  prodnoed. 
The  portion  of  the  Iros  soluble  In  hydrochloric  acid  Is  therefore  <rf 
both  the  ferrous  and  ferric  forms.  No  attempt  was  jnade  to  de- 
tennlne  each  quantitatively  on  account  of  the  small  amount. 

The  writer  acknowledges  his  Indebtedness  to  Alys  Boles  Carson 
for  making  the  experiments  ot  this  Investigation. 

NICHOLAS  KNIGHT. 
Chemical  Laberaiory,    Cornell  College, 
July  i,   1905. 
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PiKiF.  W.  W.  M11.LH  has  been  appointed  state  geologist 
of  Michigan  to  succeed  Prof.  A.  C.  Lane. 

Dk.  U.  C,  Fakkinuton  has  mjeurly  returned,  from  a  long 
trip,  to  the  Field  Columbian  Museum. 

Mr.  W  II.  Hakyey  of  Eveleth,  Minnesota  has  been  ap- 
pointL'd  inspector  of  mines,  with  headquarters  at  Eveleth. 

Dr  John  M.  Clakkk.  Directur  of  Science  and  State  Geol- 
ogist of  New  York,  as  well  as  one  of  the  editors  of  this 
journal,  has  been  seriously  ill  with  appendicitis. 

Mb.  (iKOKUK  F.  Lamk,  a  graduate  of  Ohio  university 
and  later  a  graduate  student  in  geology  at  Ohio  State  uni- 
versity, has  been  elected  professor  of  Biology  and  Geology 
in  Mount  Union  college  at  Alliance,  Ohio. 

Ti[K  "Minim;  Wori.u"  of  Chicago  has  recently  been 
imrcliascd  by  a  new  stock  company.  The  editorial  staff 
lias  been  strengthened  and  enlarged,  under  the  direction  of 
Mr.  n.  T.  Dav. 

I'ki>f.  .1.  Vol. SKY  1.KW18  of  Rutger's  college  will  devote 
the  suninuT  to  a  special  investigation  of  the  petrography 
of  thf  Newark  (Triassic)  traps  of  New  Jersey  and  their 
nsKociati-d  coppt-r  ores  for  the  state  geological  survey. 

l>it.  M  W.  TwiTOHRLL,  a  graduate  of  ColnmbiaD  uoiver- 
sity,  Washington,  D.  C,  and  of  Johns  Hopkins  university, 
Italliuiorc,  Md;,  has  been  elected  to  fill  the  chair  of  geology 
in  Siuuh  Carolina  collcj;c  al  Columbia,  S.  C- 

Mk.  EhhrhtC.  IJiMWN.  publisher  of  "Progressive  Age," 
is  preparing  to  publisli  a  coniplctg  list  of  the  engineers  o£_ 
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He  has   listed  already  over   two  thousand  and 
desires  information  concerning  five  or  six  thousand  others. 

Warren  Uphah  contributes  a  paper  of  eighteen  pages, 
entitled  "Geological  History  of  the  Great  Lakes  and  Niag- 
ara Falls,"  to  the  July  number  of  The  International  Quar- 
terly. 

David  T.  Day  of  the  U.  S.  Geological  Survey  has  re- 
cently made  a  visit  to  the  Yellowstone  Park.  He  is  now 
in  charge  of  the  concentration  of  black  sands  carried  on  by 
the  survey  at  the  Portland  exposition,  where  he  also  holds 
the  position  of  honorary  chief  of  the  mines  department. 

Mb  G.  K  Gilbert  has  given  tn  the  Deparrmeni  of  Gvo\. 
ogy  of  Denison  university  upwards  of  i,ooo  volumes  of  lit- 
erature, consisting  of  U.  S.  G.  S.  reports,  state  reports,  re- 
prints, proceedings,  and  other  valuable  books.  This  gift  is 
especially  appreciated  after  having  lost  their  library  m  the 
burning  of  their  Science  Hall. 

The  PoeiTioHfiF  thk  i.ate  Albert  A.  Wright  of  Oberlin 
college  has  been  filled  by  the  election  of  Maynard  M.  Met- 
calf,  professor  of  Biology  in  the  Woman's  college  of  Balti- 
more, as  professor  of  Zoology  and  Mr.  E.  B.  Branson  of 
Kansas  university  as  instructor  in  Geology.  Dr.  Metcalf 
was  granted  a  two  years'  leave  of  absence  and  the  work  for 
the  ensuing  year  will  be  conducted  by  Dr.  Lynds  Jones, 
associate  professor  of  Zoology  and  Mr.  Branson. 

Thk  Skt  of  Chabts  illustrating  the  origin  of  certain 
metallic  ores,  prepared  by  C.  R.  Van  Hise,  C.  K.  Leith  and 
W.  N.  Smith  and  exhibited  at  the  St.  Louis  Exposition,  has 
been  reproduced  in  Vandyke  prints  for  limited  distribution, 
in  response  to  requests  for  copies.  The  prints  are  four  in 
number,  iron,  copper,  gold  and  silver,  and  lead  and  zinc, 
each  about  24  by  50  inches.  A  charge  of  75c  each  is  made 
to  cover  cost.  Orders  may  be  sent  to  C.  K.  Leith,  Madison, 
Wis. 

Pbof  C.  H.  HiTTHrocK,  of  Dartmouth  college,  will 
spend  the  months  of  July  and  August  in  the  Hawaiian  Isl- 
ands, to  visit  again  their  principal  volcanoes,  all  of  which 
he  has  ascended  during  his  numerous  former  explorations 
of  these  islands.  His  observations  this  summer  are  for  re- 
vision and  completion  of  a  treatise  on  volcanoes,  and  espec- 
ially on  their  very  exceptional  characters  in  the  Hawaiian 
group. ' 

Db.  Okobqe  D.  Hubbabd,  instructor  in  geology  and 
physical  geography  in  Cornell  university  has  been  elected 
assistant  professor  of  Geology  in  Ohio  State  university. 
The  other  members  of  the  Geological  department  are 
Charles  S.  Prosser,  professor  of  Geology  and  John  A.  Bow- 
nocker,  professor  of  Inorganic   Geology.     In  recent  years 
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the  department  has  grown  very  rapidly  and  during  the  last 
four  vears  the  number  of  students  has  nearly  trebled.  Dur- 
ing  the  present  summer  session  the  instruction  in  geology 
is  given  by  Dr.  Aug.  F.  Foerste  of  Dayton. 

"It  WAS  STATED  IN  THE  ISSUE  OF  Science  for  April  21,  that 
the  New  Mexico  legislature  had  appropriated  $6,000  for  a 
state  geological  survey,  to  he  spent  under  the  direction  of 
the  Xew  Mexico  school  of  mines  at  Socorro.  We  are  in- 
formed that  the  only  reference  to  such  a  survey  occurs  in 
the  general  appropriation  bill  and  is  as  follows:  *For  pub- 
lication U.  S.  Geological  Survey  reports,  to  be  expended 
under  the  direction  of  the  Socorro  Scho<:)l  of  Mines,  or  so 
much  thereof  as  may  be  necessary,  $2,500.'" — Science. 

A  similar  misstatement  was  published  in  the  Geologist 
for  April   (p.  262). 

Thk  Delayed  Annual  Rkpokt  of  the  Geological  Survey 
of  Michigan  for  1903  is  out.  .It  consists  of  342  pages  and 
contains  report  of  the  state  geologist  and  included  papers. 
Among  the  noteworthy  articles  are  those  on  the  soils  and 
vegetation  of  Roscommon  and  Crawford  counties  by  B.  E. 
Livingston,  and  notes  on  the  waters  both  of  the  Upper  and 
Lower  Peninsulas.  There  are  articles  on  the  theory  of 
copper  de])osition  and  the  Keewenawan  lodes.  The  report 
is  sent  gratis  on  payment  of  forwarding  charges  (13  cents) 
to  teachers  for  professional  usy.  editors  for  review  and  to 
libraries  according  to  the  rules  of  the  Board  whose  office  is 
at  Lansing.  Michigan. 

TiiK  LATK  Lkoislatukk  OF  ILLINOIS  established  a  State  geo- 
logical survey,  putting  it  under  the  immediate  direction  of 
the  trustees  of  the  state  university,  located  at  Champaign, 
but  with  an  advisory  board  consisting  of  the  governor,  the 
president  c^f  the  university  and  one  other  to  be  appointed 
by  the  governor.  The  annual  appropriation  is  twenty-five 
thousand  <V  liars. 

In  addiiion  to  the  above  the  university  is  to  have  a 
school  of  ceramics,  supported  by  an  appropriation  of  five 
thousand  dollars  per  year.  This,  however,  will  have  no 
connection  with  the  survey  except  such  as  common  inter- 
est dictates.— ^o//^- 

CoNOREss OF  Applied  Geology.  An  international  con- 
gress of  applied  geology-  was  called  to  meet  at  Liege  from 
25  June  to  I  July,  1905.  It  took  place  in  connection  with 
the  I'niversal  Exposition  of  Liege,  and  of  the  International 
Congress  of  mines,  metallurgy,  mechanics  and  applied  geol- 
ogy, of  the  last  of  which  it  seems  to  be  an  offspring.  The 
president  and  the  secretary  of  the  Committee  of  organiza- 
tion are  respectively  Max  Lohest  and  Rene  D'  Andri- 
mont,  both  of   Liege.     Amongst  the  organizing  members 
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are  named  the  following:  Ch.  Barrois,  P.  F.  Chalon,  De 
Launay,  H.  Domage,  E.  Dubois,  J.  Gosselet,  H.  Hofer,  K. 
Keilhack,  F.  Laur,  H.  Louis,  M.  Lugeon,  H.  Potonie, 
Schulz-Briesen,  F.  Villain  and  numerous  Belgian  geologists. 
The  ^'cIENTIFIc  World   will  be  specially  interested  to 

learn  that  Dr.  G.  F.  Wright,  is  about  to  make  an  expedition 

to  southern  Russia  and  the  north  end  of  the  Red  sea,  to  com- 
plete the  investigations  begun  by  him  in  1900  and  1901,  the 
object  of  which  was  to  determine  the  physiographic  changes 
which  have  taken  place  in  comparatively  recent  times  in 
the  regions  earliest  occupied  by  man,  and  to  ascertain  the 
influence  these  have  had  upon  the  history  of  the  human 
race. 

This  expedition  is  made  possible  by  a  special  fund  pre- 
sented him  as  president  of  the  Records  of  the  Past  Explora- 
tion Society  for  this  particular  work.  Full  reports  of  his 
investigations  will  appear  in  Records  of  the  Past  during  the 
autumn  and  winter. 

During  his  trip  he  will  receive  mail,  in  care  of  the 
American  Consulate,  at  the  following  points: — Aug.  12, 
York,  England;  Aug.  25,  Copenhagen,  Denmark;  Sept.  8, 
Moscow,  Russia:  Sept.  15,  Vladikavkaz,  Russia;  Sept.  25, 
Sevastopol.  Russia;  Oct.  5,  Constantinople,  Turkey  in 
Europe;  Oct.  15,  Beirut,  Syria;  Oct.  25,  Jerusalem,  Pales- 
tine; Nov.  5,  Cairo,  Egypt;  Nov.  13,  Athens,  Greece;  Nov. 
20,  Naples,  Italy;  Dec.  i,  Rome,  Italy;  Dec.  20,  Paris, 
France;  Jan.  i,  London,  England. 

Bulletin  No.  00,  of  the  Bureau  of  Forestry  being 

a  "Report  on  ai\  Examination  of  a  Forest  Tract  in  Western 
North  Carolina,"  by  Franklin  W.  Reed,  will  soon  be  ready 
for  distribution. 

This  report  contains  a  comprehensive  and  detailed 
description  of  the  forest  on  about  16,000  acres  in  the  moun- 
tains of  western  North  Carolina,  which  is  to  be  lumbered 
so  that  its  value  as  a  summer  resort  shall  not  be  impaired. 
This  tract  is  typical  of  many  others  in  the  southern  moun- 
tains, where  undeveloped  resources  afford  an  opportunity 
for  the  practice  of  forestry  or  conservative  lumbering.  The 
conditions  described  in  this  bulletin  furnish  a  concrete  ex- 
ample of  what  such  land  will  yield  when  placed  in  the  care 
of  a  forester,  who  will  look  after  its  landscape  features  while 
cutting  the  merchantable  timber.  Tables  of  growth  and 
yield  are  provided,  logging  and  pleasure  roads  located,  and 
a  system  of  fire  protection  outlined. 

The  bulletin  is  illustrated  with  a  topographic  map  and 
SIX  plates.  Application  for  this  bulletin  should  be  made  to 
The  Forester,  U.  S.  Department  of  Agriculture,  Washing- 
ton, D.  C. 
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The  Technolexicon  of  thk  Society  of  Qebman  En- 
QiNKERs  (short  report  on  the  state  of  work  June,  1905).  In 
the  compilation  of  this  universal  technical  dictionary  for 
translation  purposes  (in  the  languages  English,  German, 
and  French),  that  was  commenced  in  1901,  about  2000  firms 
and  individual  collaborators  at  home  and  abroad  are  assist- 
ing at  present. 

Up  to  now  2,700,000  word-cards  have  been  collected. 
To  these  will  be  added  the  hundred  thousands  of  cards  that 
will  result  from  the  working-out  of  the  original  contribu- 
tions not  yet  taken  in  hand.  The  contributions  have  been 
called  in  since  Easter,  1904,  and  most  of  them  have  already 
come  in  (up  to  June,  1905:  1480). 

The  editor-in-chief  will  be  pleased  to  give  any  further 
information  wanted.  Address:  Technolexicon,  Dr.  Hubert 
Jansen,  Berlin  (NW.  7),  Dorotheenstrasse  49. 

A  Spe(ual  Summer  Meeting  of  the  Amerioax  Anthro- 
pological Association  will  be  held  in  San  Francisco,  Cali- 
fornia, on  August  29,  30  and  31.  After  the  meeting  there 
will  be  an  excursion  to  Portland,  Oregon,  to  visit  the  Lewis 
&  Clark  Exposition.  Here  an  informal  meeting  will  be 
held  at  which  addresses  will  be  made. 

The  meeting  in  San  Francisco  will  be  held  under  the 
auspices  of  a  local  committee.  This  committee  will  arrange 
for  excursions  and  entertainments.  The  headquarters  of 
the  Association  will  be  the  Department  of  Anthropology 
of  the  university  of  California  at  the  Affiliated  Colleges,  San 
Francisco. 

Since  special  rates  are  being  given  by  the  transconti- 
nental railroads  to  Portland  via  San  FranCtsco,  it  is  an  ex- 
ceptional opportunity  for  ethnologists  and  archaeologists  to 
visit  the  Pacific  coast. 

Members  intending  to  be  present  will  please  notify  the 
secretary  of  the  local  committee.  Dr.  A.  L.  Kroeber,  Affili- 
ated Colleges,  San  Francisco.  Dr.  Kroeber  will  arrange  for 
hotel  accommodation  and  will  furnish  information  relative 
to  the  meeting. 

The  amendments  to  the  constitution  proposed  at  the 
Philadelphia  meeting  (see  Amer.  Anthropologist,  1905,  p. 
176)  and  at  the  council  meeting  of  April  15,  1905,  having 
been  approved  by  the  council,  will  be  presented  at  San  Fran- 
cisco for  adoption. 

Mr.  George  Grant  MacCurdy,  237  Church  street,  New 
Haven,  Conn.,  secretary  of  the  Association,  will  give  infor- 
mation as  to  special  railroad  rates.  Titles  of  papers  should 
be  sent  to  him  at  an  early  date. 
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PORTRAIT— PLATE  III. 

On  the  afternoon  of  Saturday,  April  i,  1905,  professor 
Albert  Allen  Wright  was  about  his  usual  duties,  but  upon 
going  to  his  study  upon  his  wheel  was  suddenly  seized  with 
spasms  of  pain  which,  aftor  continuing  for  twenty-four 
hours,  ended  in  his  death,  upon  Sunday  afternoon.  For 
some  years  professor  Wright  had  suffered  more  or  less  from 
ill  health,  for  which  physicians  found  it  difficult  to  account. 
A  year  of  rest  upon  the  Pacific  coast  in  1900  failed  to  bring 
the  expected  relief,  but  partial  relief  was  found  in  a  severe 
course  of  dieting.  The  mystery,  however,  was  solved  by  a 
post-mortem  examination,  which  showed  that,  as  a  result  of 
an  illness  many  years  before,  there  was  an  adhesion  between 
the  stomach,  liver,  and  gall  bladder,  which  suddenly  gave 
way,  producing  acute  peritonitis.  Thus  closed  the  earthly 
career  of  a  most  accomplished  geologist  and  naturalist,  a 
broad-minded  student  of  science  in  general,  a  successful 
teacher,  an  efficient  man  of  practical  affairs,  and  a  devout 
Christian  of  such  delightful  personality  that  he  won  the 
regard  of  every  one  who  came  in  contact  with  him. 

As  so  many  persons  have  supposed  that  professor 
Wright  and  I  were  brothers,  it  is  well  to  say,  at  the  outset, 
that  we  were  not,  and  that  our  relationship,  if  any,  was  so 
distant  that  it  has  not  been  traced.  But  twenty-five  years 
of  close  association  with  him  in  college  work  and  much 
longer  general  acquaintance  had  drawn  me  to  him  as  to  a 
brother,  while  his  judgment  in  scientific  affairs  was  so 
sound  and  unerring  that  I  felt  impelled  to  seek  it  at  every 
stage  of  my  own  work. 


L-wMxxi-w- 
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Professor  Wright  was  born  in  Oberlin,  Ohio,  April  TJ^ 
1846,  being  a  son  of  William  Wheeler  and  Susan  Allen 
Wright,  connected,  on  his  father's  side,  with  the  family  of 
Orville  Wright,  and  on  his  mother's  with  the  late  professor 
Frederick  Allen  of  Harvard  university.  He  graduated  from 
Oberlin  college  in  1865,  having  served  for  three  months  in 
Company  K  of  the  150th  Regiment  of  the  Ohio  National 
Guard,  which  was  called  for  the  defense  of  Washington  in 
1864.  For  two  years  he  taught  in  the  Cleveland  institute, 
when  he  returned  to  Oberlin,  and,  like  so  many  other  dis- 
tinguished geologists,  among  whom  are  to  be  numbered  pro- 
fessors J.  P.  Lesley  and  Edward  Orton,  pursued  a  course 
of  theological  studies,  two  years  of  which  were  taken  in 
Union  theological  seminary,  New  York  City,  and  the  final 
year  in  Oberlin  seminary,  from  which  he  graduated  in  1870. 
For  the  following  two  years  he  filled  the  chair  of  mathe- 
matics and  natural  science  in  Berea  college,  Kentucky,  after 
which  he  entered  the  School  of  Mines  of  Columbia  college, 
from  which  he  graduated  in  1875.  In  later  years  his  educa- 
tion was  continued  in  a  more  general  way  by  numerous 
extended  expeditions  into  Canada,  the  Rocky  mountains, 
Florida,  and  other  portions  of  the  Atlantic  coast,  while  the 
year  1884-85  he  spent  in  traveling  in  Europe. 

On  September  21,  1874,  he  was  married  to  Mary  Lyon 
Bedortha,  of  Saratoga  Springs,  N.  Y.,  from  which  union 
there  is  left  a  daughter,  Helen  M. ;  and  August  18,  1891,  to 
Mary  P.  B.  Hill,  of  Flemington,  N.  J.,  who  with  a  son  sur- 
vives him. 

In  1874  he  was  called  to  the  chair  of  geology  and  natu- 
ral history  in  ( )berh*n  college,  a  position  which  he  filled  with 
complete  satisfaction  to  all  for  thirty  years,  to  the  time  of 
his  sudden  death.  He  signalized  his  connection  with  Ober- 
lin college  by  establishing  and  fostering  the  laboratory  sys- 
tem of  study  by  students  in  all  scientific  departments,  so 
that  his  pupils  have  shown  remarkable  facility  in  their  jK)St- 
graduate  studies  and  in  finding  entrance  to  the  higher 
spheres  of  scientific  investigation. 

But  he  accomplished  a  large  amount  of  work  outside  of 
his  classroom,  as  will  be  seen  by  the  appended  list  of  publi- 
cations.    In   1874  he  was  engaged  upon  the  second  geolo- 
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gical  survey  of  Ohio  to  make  a  report  upon  the  lake  ridgeii^ 
of  Lorain  county.    The  published  results  of  his  work  remain 
the  standard  source  of  information  concerning  that  locality. 
In  1884  he  was  employed  to  make  the  report  upon  the  coaU 
seams  of  Holmes  county,  and  in  1893  he  was  asked  to  make, 
for  the  current  volume  of  the  Survey,  a  report  on  "The  Ven- 
tral Armor  of  Dinichthys,"  based  upon  the  unique  specimens 
from    Lorain    county    preserved    in    the    Oberlin    college 
museum,  in  which  he  demonstrated  that  what  are  described 
by  Dr.  Newberry  as  jugulars  are  really  the  "companions  of 
his  anterior  ventrals." 

Among  the  most  commendable    aspects    of    professor 
Wright's  scientific  work  are  those  which  come  to  light  in 
connection  with  his  practical  interest  in'  the  affairs  of  the 
town  and   state.     Such   confidence  did   his    fellow-citizens 
have  in  both  his  attainments  and  his  character  that  as  sooA 
as  they  contemplated  the  inauguration  of  a  sewer  system  and 
waterworks  he  was  chosen  by  universal  consent  to  be  the 
leader  in  formulating  plans.     After  an  untold  amount  of  ex- 
amination of  the  local  conditions,  and  of  study  of  the  subject 
from  every  point  of  view,  he  presented  plans  -which  were  ac- 
cepted, and  which,  executed  under  his  direction,  have  secured 
to  Oberlin  the  model  equipment  of  the  state,  to  which  the 
State  Board  of  Health  is  constantly    referring   committees 
from  other  localities.     All  this  was  accomplished  at  a  mmi- 
mum  of  expense  to  the  town.     It  is  also  through  prof^sor 
Wright's  influence  chiefly  that  the  legislature  of  the  State 
was  persuaded  to  coK)perate  with  the  United  ^^^^^^^^r" 
gical  survey  inaugurating  a  topographical  survey  o  . 

His  papers,  presented  to  the  committees  of  three  J*"^^^^^ 
legislatures,  and  others  published  broadcast  throughout  the 
state,  are  models  both  in  the  statement  of  the  scientinc  re- 
suits  to  be  published  and  of  the  practical  ends  to  be  securea, 
in  order  to  justify  the  large  appropriations  made. 
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QENETIC  AND  STRUCTURAL   RELATIONS  OP  THE   IQNKOUS 

ROCKS  OF  THE   LOWER  NEPONSET  VALLEY, 

MASSACHUSETTS.  [II.] 

B]t  W.  O,  CBoaiT,  Boatoa,  Mua. 

PRBCAABONIFBROUS  INTRU8IVBS. 

The  earlier  or  pre-Carboniferous  intrusive  rocks  of  the 
batholite  include  the  following  types:  granite  porphyry, 
quartz  porpryry,  felsite  and  acid  andesite.  The  first  three 
are  acid  and  agref  closely  in  composition,  as  stated  above, 
with  the  sedentary  types  of  the  batholite,  so  that  they  may 
fairly  be  regarded  as  later  extravasations  from  the  deeper 
parts  of  the  same  great  body  of  magma.  The  fourth  type, 
on  the  other  hand,  is  of  distinctly  sub-acid  or  neutral  com- 
position, as  a  partial  analysis  accompanying  Dr.  Bascom's 
description  clearly  shows.  Furthermore,  the  dikes  of  this 
relatively  basic  type  are,  according  to  the  rather  meagre 
but  quite  satisfactory  evidence,  older  than  all  of  the  acid 
intrustves,  suggesting  eruption  from  a  source  below  the 
normal  granite  and  hence  during  a  time  (possibly  of  mark- 
ed elevation  and  erosion)  when  the  batholite  proper  was 
congealed  throughout  its  entire  thickness. 

The  acid  intrusions,  on  the  contrary,  including  both 
dikes  and  necks,  may,  in  the  main  at  least,  as  previously 
indicated,  be  correlated  with  the  subsidence  ushering  in  the 
sedimentation  of  Carboniferous  times  and  accompanied  by 
a  rise  of  the  isogeotherms  sufficiently  marked  to  reliquefy 
a  portion  of  the  ancient  acid  magma.  This  correlation  is 
confirmed  by  the  close  agreement  in  composition  of  the 
acid  intrusions  and  the  normal  granite, — for  the  unquestion- 
able connection  of  the  acid  intrusives  (both  dikes  and 
necks)  with  the  acid  effusives  or  lavas,  which  rest  uncon- 
formably  upon  the  deeply  denuded  surface  of  the  batholite, 
shows  that  in  origin  the  intrusions  are  separated  from  the 
sedentary  zones  of  the  batholite  by  a  vast  time  interval 
taring  which  the  magma  must  have  been  mainly  solid  to 
Ibsvc  escaped   marked  chemical  differentiation. 

AM  Andtsile  Dikes — This  is  a  rock  of  distinctly  neu- 
*T«I  composition,  anlyses  showing  from  60  to  62.8  per  cent, 
of  silica;  and  Dr.  Bascom's  observations  indicate  a  horn- 
blende-bearing biotite  andesite.     A     single     dike  only  has 
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been  studied  in  detail ;  but  it  is  known  to  represent  a  more 
or  less  extensive  series,  the  acid  andesite  not  having  been 
distinguished  heretofore  froin  basic  andesite  and  green- 
stone diabase.  This  dike  begins  in  the  fine  granite  on 
Heron  street  near  Washington  street  and,  with  a  normal 
breadth  of  zo  to  25  feet,  has  been  traced  northwesterly, 
parallel  with  Cottage  avenue,  into  the  normal  granite  and 
for  o  total  distance  of  nearly  half  a  mile.  It  is  clearly  cut 
by  typical  dikes  of  quartz  porphyry  and  felsite ;  and  the  acid 
andesite  occurs  as  angular  inclusions  in  a  great  dike  of 
granite  porphyry.  These  relations  give  it  at  once  a  unique 
position  among  the  basic  intrusives  of  this  area  and,  so  far 
as  known,  of  the  Boston  basin,  by  definitely  fixing  it,  chron- 
ologically, between  the  batholite  and  all  of  the  acid  intru- 
sives. Comparison  is  suggested  at  once  with  the  more 
basic,  pre-granitic  dikes  (diabase)  in  the  Cambrian  slates 
of  the  Blue  Hills.*  The  latter  are  the  only  basic  dikes 
in  the  Boston  basin  known  to  be  older  than  the  granitic 
series  of  the  Complex;  and  the  West  Roxbury  dike  just  de- 
scribed is  the  first  relatively  basic  dike  in  the  Boston  basin 
known  to  be  intermediate  in  age  between  the  sedentary 
zones  and  the  acid  intrusions  of  the  complex. 

Granite  Porphyry  and  Quarts  Porphyry  Dikes. — In 
this  instance,  also,  the  detailed  study  has  been  limited  to 
what  is,  virtually,  one  large  and  complex  example;  but  the 
general  conclusions  thus  reached  are  definitely  known  to 
be  applicable  to  an  extensive  scries  of  dikes.  The  fine 
granite  of  Bearberry  hill  in  the  northeast  part  of  the  Stony 
Brook  reservation  is  traversed  in  a  general  northwest-south- 
east direction  by  a  vertical  dike  of  quartz  porphyry  100  feet 
wide.  The  greenish  gray,  aphanitic  groundmass  of  the 
porphyry  is  crowded  with  conspicuous  phenocrysts  of  feld- 
spar up  to  one-half,  and  even  three-fourths,  of  an  inch  in 
length,  while  the  more  scattering,  rounded  blebs  of  quartz 
are  commonly  one-fourth  to  one-half  inch  in  diameter.  Al- 
together it  is  a  striking  rock  and  one  readily  recognized  and 
traced.  The  quartz  porphyry  is  densely  felsitic  neat  the 
contacts,  which  are  firmly  welded,  irregular  in  detail.  ; 
further  characterized  by  occasional  inclusions  of  the  I 
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granite  in  the  quartz  porphyry  and  minor  apophyses  of  the 
latter  in  the  former. 

On  this  hill,  also,  the  quartz  porphyry  dike  is  cut  by  a 
four-foot  dike  of  compact  and  purple  felsite,  and  gives  oflE 
an  oblique  branch  20  feet  wide,  traceable  for  a  thousand 
feet,  and  cut  by  another  felsite  dike  10  to  15  feet  wide. 

The  phenocrysts  of  the  branch  dike  are  relatively  small 
and  inconspicuous,  and  comparable  in  size  with  those  of 
the  contact  zone;  while  this  contrast  between  the  main 
dike  and  its  branch  proves  that  in  neither  case  can  the 
phenocrysts  be  regarded  as  antedating  the  intrusion  of  the 
magma.  On  the  other  hand,  the  Hthologic  resemblance 
of  the  branch  dike  to  the  quartz  porphyry  phase  of  the  con- 
tact zone  must  be  regarded  as  a  mere  coincidence,  since  we 
have  to  do  in  the  one  case  with  the  earlier  phase  of  the  bath- 
olite,  and  in  the  other  with  relatively  late  intrusions  cutting, 
as  we  shall  see,  all  of  the  sedentary  zones  of  the  batholite 
from  the  normal  granite  to  the  quartz  porphyry. 

Southeastward,  the  main  dike  is  traceable  across  the 
reservation  boundary  and  nearly  to  the  Boston-Hyde  park 
line,  where  it  is  seen  to  cut  the  quartz  porphyry  of  the 
contact  zone  and  the  enclosed  masses  of  Cambrian  slate. 
In  the  opposite  direction  from  Bearberry  hill,  across  the 
drift-floored  valley  of  Turtle  pond  and  beyond  Washington 
street,  in  the  large  Cottage  avenue  quarry  in  normal  gran- 
ite, capped  by  fine  granite,  and  exactly  where  the  great  dike 
of  quartz  porphyry  might  be  expected  to  reappear,  we  find 
instead,  and  with  the  same  trend,  a  dike  of  profusely  por- 
phyritic  granite  porphyry,  30  to  50  feet  wide.  With 
aphanitic  and  firmly  welded  margins,  it  cuts,  clearly  and 
unmistakably,  both  the  normal  and  the  fine  granite;  and 
it  is,  in  turn,  cut  squarely  across  by  a  small  dike  (2  to  4 
feet)  of  felsite  in  which  the  fluxion  structure  parallel  with 
the  irregular  walls  is  beautifully  developed.  Apparently, 
there  is  no  reason  to  doubt  that  this  intrusive  granite  por- 
phyry which  Dr.  Bascom  regards  as  essentially  identical  in 
(iomposition  with  the  normal  granite,  is  also  simply  a  more 
lirystalline  phase  of  the  intrusive  quartz  porphyry,  the  two 
rocks  being  part  of  one  and  the  same  continuous  dike;  and 
facta  yet  to  be  noted  abundantly  confirm  this  conclusion. 
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The  next  outcrop  of  this  dike,  where  it  crosses  Hieroo 
street,  is  also  granite  porphyry ;  but  beyond  this  the  quartz 
porphyry  phase  recurs,  and  the  dike,  now  75  feet  wide,  is 
lithologically  indistinguishable  from  the  Bearberry  hill  sec- 
tion. From  this  point  on,  it  is  near  to  and  approximately 
parallel  with  the  dike  of  acid  andesite  previously  described; 
and  the  latter  is  cut  by  minor  dikes  or  apophyses  of  quartz 
porphyry.  The  outcrops  of  both  dikes  are  now  interrupted 
by  a  swamp,  beyond  which  the  dike  of  acid  andesite  con- 
tinues unchanged,  while  the  porphyry  dike,  now  80  feet 
wide,  is  once  more  a  typical  granite  porphyry,  apparently 
repeated  by  an  oblique  strike  fault  and,  as  previously 
noted,  enclosing  angular  fragments  of  the  acid  andesite. 
Thus  twice  in  a  total  distance  of  a  little  more  than  a  mile, 
the  quartz  porphyry  gives  way  to  granite  porphyry.  In 
neither  case,  unfortunately,  can  the  transition  be  fully 
traced;  and  yet  we  may  not  reasonably  doubt  its  reality. 
This  remarkable  and  rhythmic  textural  variation  in  the  con- 
tents of  one  and  the  same  continuous  fissure  may,  per- 
haps, be  regarded  tentatively  as  finding  its  most  natural 
explanation  in  varying  original  depths  of  solidification. 
That  is,  if  we  may  assume  a  natural  gradation  upward  in 
the  dike  from  granite  porphyry  to^  quartz  porphyry,  then  a 
moderate  amount  of  subsequent  displacement,  or  even  of 
unequal  erosion,  might  suffice  to  give  the  alternations  of 
texture  which  the  outcrops  now  show.  In  this  connection 
It  may  be  noted  that  in  the  lowest  outcrop  of  the  main  dike, 
at  the  western  base  of  Bearberry  hill,  the  quartz  porphyry 
is  well  advanced  in  the  change  to  granite  porphyry.  It  is  a 
fair  corollary  of  this  explanation  that  the  granite  porphyry 
should  be  found  chiefly  in  the  normal  granite,  and  the 
quartz  porphyry  in  the  fine  granite.  This  relation  is 
clearly  realized  in  part;  and  would,  perhaps,  be  more  fully 
realized,  but  for  the  fact  that,  as  we  suppose,  the  batholite 
suffered  strong  and  unequal  erosion  before  its  injection  by 
these  acid  intrusives. 

Felsite  Necks. — Besides  its  abundant  occurrence  in 
effusive  forms  or  surface  flows,  the  devitrified  rhyolite 
(aporhyoHte)  or  felsite  has  an  important  development  in 
necks  and  dikes,  which  are  undoubtedly  contemporaneous 
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with  the  acid  effusives;  and  nowhere,  apparently  in  the 
Boston  basin,  are  normal  effusives  more  clearly  or  typically 
developed.  Some  of  the  felsite  dikes  are  large  enough  to  be 
regarded  as  the  vents  of  effusive  masses;  and  very  prob- 
ably several  of  them  are  deeply  denuded  necks.  The  more 
typical  and  unequivocal  necks,  however,  are  less  dike-like 
in  outline  and  far  more  diversified  in  structure,  consisting 
chiefly  of  clastic  lavas — ^agglomerate  and  tuff — ^suggestive 
of  explosive  eruptions  toward  the  end  of  the  volcanic  activ- 
ity and  following  more  quiet  liquid  effusions.  Three  essen- 
tially distinct  vents  have  been  more  or  less  fully  worked 
out;  and  it  is  considered  not  improbable  that  others  await 
recognition  in  the  felsite  areas.  This  appears  the  more 
likely  in  view  of  the  fact  that  acid  lavas  of  fluidal  and  auto- 
clastic  types,  that  is,  lavas  which  were  stiff  enough  at  the 
time  of  their  effusion  to  develop  fluxion  lines,  or  even  to  be- 
come brecciated  by  their  own  flow,  would  not  spread  far 
from  the  vents  through  which  they  reached  the  surface. 
We  must  recognize  also  the  extreme  probability  that  some 
vents  are  still  concealed  by  their  own  sluggish  effusions  or 
by  later  sediments.  The  three  vents  referred  to  as  more 
or  less  fully  identified  are  near  the  heart  of  the  complex  and 
bordered  either  wholly  or  in  part  by  the  sedentary  zones 
of  the  batholite,  including  the  normal  granite,  fine  granite 
and  quartz  porphyry ;  and  evidence  is  not  wanting  that  they 
are,  in  each  case,  located  on  important  displacements,  one 
indication  of  this  relation  being  elongation  in  a  definite 
direction,  the  outlines  being  distinctly  lenticular. 

TAe  West  Roxbury  Neck, — This  neck  is  the  most  clearly 
exposed  in  outline  and  in  structural  detail,  and  probably  the 
largest,  as  it  is  certainly  the  most  indubitable  of  the  series. 
It  occupies  approximately  the  irregular  triangular  area 
bounded  by  Grove,  Center,  Stimson  and  Washington 
streets  in  West  Roxbury,  near  the  Dedham  line. 

It  is  elongated  in  a  general  northwest-southeast  direc- 
tion, the  extreme  dimensions  being  approximtaely  1200  by 
3500  feet.  The  major  axis  coincides  in  position  and  trend 
with  the  common  boundary  of  the  fine  granite  and  the 
western  area  of  normal  granite,  the  evidence  being  quite 
conclusive  that  this  line  marks  an  important  displacement. 
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The  sharp  definition  of  this  neck,  with  its  continuous  rim  of 
granite,  is,  of  course,  chiefly  due  to  the  fact  that  erosion 
has  removed  the  last  vestige  of  the  eflfusive  felsite  which 
we  must  assume  to  have  once  covered  its  site  and  a  wide 
area  of  the  enclosing  granites. 

Not  to  classify  this  sharply  defined  body  of  acid  lavas 
as  a  true  neck  or  vent  would  seem  to  necessitate  regarding 
it  as  a  depressed  fault  block  or  graben,  a  remnant  of  a  once 
widely  extended  volcanic  sheet  covering  the  granites  which 
has  escaped  erosion  through  the  accident  of  displacement. 
But  the  varied  and  prevailingly  clastic  character  of  the 
lavas  atid  the  general  structure  of  the  mass  are,  at  least, 
highly  suggestive  of  a  vent,  and  force  the  conclusion  that 
there  must  be  a  vent  somewhere  in  this  part  of  the  com- 
plex. Although,  omitting  intersecting  dikes  of  felsite,  an- 
desite  and  diabase,  the  neck  is  almost  wholly  composed  of 
effusive  types  of  felsite;  it  is  yet,  quite  independently  of 
the  dikes,  highly  diversified  in  composition  and  structure — 
a  constantly  varying  complex  or  chaos  of  fragmental, 
fluidal  and  compact  or  structureless  lavas.  The  clastic 
phase,  ranging  from  the  finest  tuff  to  the  coarsest  breccia 
or  agglomerate,  largely  predominates  and  gives  character 
to  the  whole,  leaving  little  room  to  doubt  that  the  later 
eruptions,  at  least,  from  this  vent  were  in  part  explosive. 
Although  varying  greatly  in  azimuth  and  inclination,  and 
usually  much  contorted,  the  normal  attitude  of  the  flow 
structure  of  the  felsite  is  parallel  with  the  axial  plane  of 
the  neck,  or,  in  the  peripheral  portions,  with  the  proximate 
wall  of  granite.  The  interest  of  the  peripheral  phenomena 
culminates  in  the  southeastern  extremity  of  the  neck,  where 
it  is  continued  in  the  shattered  zone  of  granite  in  which  it 
had  its  origin  as  a  complex  of  granite  and  felsite,  the 
granite  being  cut  in  all  directions  by  irregular  branching 
and  coalescing  dikes  of  the  felsite,  which  is  brecciated, 
banded,  compact  or  porphyritic  by  turns  and  encloses  many 
large  and  small  angular  fragments  of  the  granite. 

While  we  need  not  doubt  that  the  fragmental  lavas 
are,  in  the  main,  true  pyroclastics,  the  product  of  explosive 
eruptions,  it  is  very  probable  that  they  are  in  part  auto- 
clastics,  or  breccias  resulting  from  the  continued  movement 
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of  the  magma  after  it  began  to  stiffen  and  solidify.  The 
distinction  of  these  two  types  in  the  field  must  usually  be 
a  puzzling  matter,  so  much  depending  on  the  nature  of  the 
matrix  or  ground  mass;  but  it  is  assumed  here  that  local 
homogeneity  of  composition  (not  of  texture)  and  absence 
of  granitic  debris  are  characters  belonging  more  normally 
to  the  autoclastics.  In  considering  the  distinction  and 
probable  relative  abundance  of  the  pyroclastic  and  auto- 
clastic  lavas,  both  of  which  are  undoubtedly  prominent 
features  of  this  neck,  and  may  also  be  designated,  respec- 
tively, agglomerate  and  breccia,  we  may  properly  take  ac- 
count of  the  possibility  that  the  eruptions  were  subaqueous, 
at  least  in  part,  and  note  the  cracking  and  shattering  of 
the  lava  that  would  follow  its  sudden  quenching.  It  is 
doubtful,  however,  if  much  of  the  breccia  has  the  crackled 
character,  with  accurately  fitting  fragments,  which  this 
explanation  would  require.  Nevertheless,  the  presence,  of 
water  is  plainly  suggested  by  the  rather  distinct  stratifica- 
tion of  some  of  the  finer  tuffs,  such  as  may  be  observed  in 
the  central  part  of  the  neck  especially. 

Attention  is  thus  directed  to  one  of  the  most  interest- 
ing and  puzzling  features  of  the  neck.     This  is  a  very  com- 
pact g^ay,  slaty-looking  rock,  irregular  masses  of  which  are 
enclosed  in  the  more  normal  or  unquestionable  agglomer- 
ate and  also  in  the  fluidal  felsites  and  occur  only  in  the 
western  central  portion  of  the  neck,  all  the  outcrops  being 
included  within  an  area  about  one  thousand  feet  long  in 
a  north-south   direction  and  perhaps   half  as  wide.     This 
material,  which  may  be  as  distinctly,  evenly  and  finely,  or 
as  obscurely,  stratified  as  any  slate,  was  at  first  mistaken 
for  an  older  slate  enclosed  in  the  volcanics.     But  further 
study  of  the  field  relations  showed  that  it  must  be  contem- 
poraneous and  essentially  a  tuff  or  consolidated  ash.     As 
noted  by  Dr.  Bascom,  this  conclusion  is  confirmed  by  both 
the  microscopic  and  the  chemical  analyses.     The  combined 
alkalies  are  far  higher  than  for  a  normal  slate  and  agree 
closely  with  those  of  the  felsites.     These  masses  range  in 
extent  from  a  few  inches  to  many  feet.     They  are  some- 
times ill-defined,  cloud-like  patches  in  the  lavas;  but  more 
commonly  they  are  sharply  outlined  and  the  contacts  with 
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the  felsite  are  unquestionably  igneous,  being  firmly  welded 
and  the  sediment  well  baked  for  a  breadth  of  one  to  several 
inches.  Even  closely  adjacent  masses  do  not  usually  agree 
in  dip  and  strike ;  but  the  relations  are  what  might  be  ex- 
pected in  the  case  of  a  bed  or  beds  of  imperfectly  consoLi- 
4lated  ash  disturbed  by  later  eruptions,  largely  of  an  ex- 
{>losive  character.  The  close  relation  of  the  consolidated 
ash  or  slaty  tuff  to  the  felsite  agglomerate  is  clearly  indi- 
cated in  some  instances  by  the  intercalation  of  visibly  clas- 
tic layers.  Finally,  we  may  regard  the  ash  as  the  finest 
product  of  an  explosive  eruption  which  was  in  some  sense 
subaqueous,  closely  followed  by  eruptions  which  were  (mly 
in  part  of  an  explosive  character,  yielding,  besides  the  true 
agglomerates,  compact,  fluidal  and  autoclastic  felsites  in- 
tersecting and  enclosing,  alike,  the  agglomerate  and  the  ash. 
'  ■  Accepting  the  West  Roxbury  neck  as  a  true  volcanic 
vettt,  as  apparently  we  must,  it  may  be  assumed  to  have 
originated  in  a  more  or  less  complex  and  branching  fault 
fissure;  and  the  local  widening  of  such  a  fissured  zone  to 
the  present  breadth  of  the  neck  when  it  finally  became  the 
locus  of  vulcanism  would  be  a  natural  consequence  of  the 
explosive  action  of  which  we  have  such  ample  evidence. 
In  other  words,  we  need  not  assume  that  the  granite  was 
melted  away,  or  forced  out  en  masse,  Pelee  fashion ;  but  it 
is  sufficient  to  assume  a  splintering  and  shattering  of  the 
granite  walls  under  the  influence  of  shock  and  heat.  The 
resulting  granite  debris  would  be  borne  upward  by  the 
constantly  increasing  volume  of  viscous  lava  made  possible 
"by  the  widening  of  the  vent,  and  finally  discharged,  largely 
through  the  agency  of  violent  explosions.  This  explana- 
tion, the  essence  of  which  is  a  gradual  crumbling  and  ex- 
foliation, accompanied  by  cracking  and  rending  of  the 
granite  walls  of  the  primordial  fault  fissure,  accounts  for  the 
general  diffusion  of  granitic  detritus  through  the  clastic 
lavas,  as  well  as  for  larger,  isolated  masses  of  granite  which 
■now  add  to  the  diversity  of  the  neck. 

TAe  Hyde  Park  N<ck. — This  large  and  composite  neck 
occupies  a  more  central  position  than  the  West  Roxbury 
neck  in  relation  to  the  complex ;  and  presents  some  other 
<listingiiis!iiiig  Features.     It  is.  probably,  best  regarded,  in 
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detail,  as  two  necks  developed  on  fissures,  approximately 
parallel  with  the  major  axis  of  the  West  Roxbury  neck; 
but  converging  irregularly  northwestward,  near  the  Cam- 
brian outliers;  and  the  united  axes  might  be  regarded  ad- 
continued  in  the  g^eat  dike  of  quartz  and  granite  porphyry. 
Where  most  widely  separated  and  most  distinctly  developed 
as  necks,  these  fissures  are  clearly  compensating  displace- 
ments bounding  a  depressed  area  approximately  half  a  mile 
wide. 

The  southwestern  fissure,  designated  the  Bold  Knob 
neck,  shows  a  wall  of  the  massive  quartz  porphyry  of  the 
contact  zone  bordered  on  the  northeast  by  several  hundred 
feet  in  breadth  of  coarse  felsite  agglomerate,  the  felsitic 
matrix  of  which  is  packed  with  large,  angular  fragments 
of  both  felsite  and  quartz  porphyry.  Northeastward,  or 
away  from  the  wall  of  quartz  porphyry,  the  agglomerate 
becomes  rapidly  finer  and  shades  off  into  fluidal,  spheru- 
litic  and  other  obviously  effusive  forms  of  felsite.  Similar- 
ly the  northeastern  fissure,  known  as  the  Grew's  Woods 
neck,  shows  an  immense  mass  of  exceptionally  coarse  ag- 
glomerate sharply  limited  on  the  northeast  by  normal  gran- 
ite. The  agglomerate  has  a  maximum  breadth  of  nearly  a 
thousand  feet,  passing  gradually,  as  before,  into  the  effu- 
sive felsites,  which  are  continuous  over  the  area  interven- 
ing between  the  two  bodies  of  agglomerate.  Not  only  has 
the  effusive  felsite  discharged  by  flow  and  explosion  from 
these  fissures  overspread  the  depressed  area  which  they 
bound ;  but  from  this  expanding  area,  as  from  a  cornucopia, 
the  felsite  flows  have  spread  eastward  over  a  large  part  of 
Hyde  Park  and  into  Dorchester  and  Milton.  Unlike  the 
West  Roxbury  neck,  and  on  account  of  the  general  east- 
ward inclination  of  the  geological  structure  of  the  district, 
erosion  has  not  cut  deeply  enough  to  remove  entirely  the 
effusions  of  this  most  eastern  of  the  recognized  felsite 
necks. 

Felsite  Stocks. — Besides  the  large  and  essentially  in- 
dubitable  necks  of  acid  lava  described  in  the  preceding 
pages,  we  must,  as  previously  noted,  recognize  several  more 
or  less  probable  stocks  or  plugs  of  felsite  in  the  sedentary 
zones  of  the  batholite.     These  masses,  which  may,  perhaps,. 
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best  b^  regarded  as  more  deeply  denuded  as  well  as  smaller 
necks,  are  intermediate,  in  size  at  least,  between  the  un* 
doubted  necks  and  the  normal  felsite  dikes.  They  arc 
related  to  the  necks  in  form  and  to  the  dikes  in  lithologic 
character,  lacking  entirely  the  clastic  and  fluxion  characters 
and  the  general  structural  heterogene;;ty  of  the  necks.  One 
difficulty  in  regarding  them  as  dikes  is  that  they  do  not 
appear  to  occupy  dynamic  fissures,  being  chimney-like 
rather  than  dike-like  in  form.  The  clearest  examples  are 
roughly  circular  or  elliptical  plugs  200  to  300  feet  in  diam- 
eter, isolated  in,  and  enclosing  numerous  fragments  of,  the 
normal  granite.  The  rock,  although  felsitic  in  general  as- 
pect, is,  perhaps,  better  described  as  a  dense;  non-porphy- 
titic  microg^anite.  It  is  essentially  homogeneous  and 
structureless,  except  for  an  indistinct  peripheral  zone  of 
true  felsite,  in  part  fluidal. 

Felsite  Dikes. — In  the  general  view  the  entire  area  of 
the  complex  appears  to  be  traversed  by  dikes  of  felsite. 
They  are,  however,  especially  characteristic  of  the  seden- 
tary zones  of  the  batholite  and  the  felsite  necks,  and  are 
observed  less  commonly  in  the  effusive  felsites.  In  spite 
of  the  fact  that  they  sometimes  cut  both  the  felsite  necks 
and  flows,  the  dikes,  as  a  whole,  are  undoubtedly  best  re- 
garded as  essentially  contemporaneous  with  the  acid  vol- 
canics,  and  we  may  fairly  suppose  that  in  some  instances 
they  have  formed  effective  vents.  We  have  seen  that  they 
intersect  the  great  dikes  of  quartz  porphyry  and  granite 
porphyry;  but  here,  again,  an  important  difference  of  age 
is  not,  apparently,  a  necessary  inference.  The  relation  of 
the  felsite  dikes  to  the  necks  is  in  some  cases  distinctly 
radial ;  but  a  broader  view  shows  that  with  few  .exceptions 
they  tend  to  be  normal  to  the  major  axes  of  the  felsite 
necks  and  the  fracture  zones  in  which  the  necks  have  been 
developed.  The  prevailing  trend,  therefore,  is  northeaster- 
ly and  southwesterly. 

In  the  extension  of  the  axial  shear  zone  of  the  West 
Roxbury  neck,  the  felsite  forms  a  plexus  of  irregular  intru- 
sions, which  branch  and  coalesce  in  a  quite  remarkable 
way ;  while  the  true  dikes  represent  the  filling  of  compara- 
tively simple  and  sharply-defined  transverse  fissures  due. 
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perhaps,  to  torsional  stresses  accompanying  the  shearing. 
The  felsite  dikes  range  in  size  up  to  a  hundred  feet  or 
more ;  and  they  can  be  traced  in  some  instances  for  a  good 
fraction  of  a  mile ;  but  the  correlation  of  individual  outcrops 
is  often  difficult  because  of  marked  irregularities  of  form 
and  trend.  As  described  by  Dr.  Bascom,  the  felsite  of  these 
dikes  is  mainly  either  densely  compact  or,  more  commonly, 
inconspicuously  porphyritic.  In  general,  and  as  might  nat- 
urally be  expected,  the  larger  dikes  have  porphyritic  centers 
and  nonporphyritic  or  compact  borders;  while  the  smaller 
dikes  are  often  nonporphyritic  throughout.  With  few  ex- 
ceptions, the  peripheral  portions  of  the  dikes  exhibit  more 
or  less  distinct,  and  often  very  marked,  fluidal  structure 
parallel  with  the  walls ;  and  the  smaller  dikes  may  be  char- 
acterized by  the  fluxion  lamination  through  their  entire 
thickness.  The  large  dikes,  also,  are  usually  dark  red  or 
purple  in  the  middle  portion  and  greenish  gray  along  the 
borders ;  while  the  small  dikes  are  commonly  gray  across  the 
entire  section.  It  appears  probable  that  the  normal  Orig- 
inal color  of  the  felsite  was  gray,  that  it  was  subsequently 
reddened  by  oxidation  and  later  bleached  by  deoxidation 
and  leaching  along  the  borders.  The  greenish  color  of  the 
periphery  is,  however,  according  to  Dr.  Bascom's  observa- 
tions, to  be  connected,  in  most  cases  at  least,  with  a  more 
or  less  marked  epidotization,  often  followed  by  hydration 
and  the  development  of  pinite;  and  not  infrequently  a  bor- 
der of  nearly  pure,  soft,  g^een  pinite  has  resulted. 

PRB-CARBONIFBROUS  BFPUSIVBS. 
Effusive  Felsite  or  Normal  Aporehyolite . — The  acid 
effusions  of  the  vents  described  in  the  preceding  sections, 
and,  doubtless,  of  other  vents  still  entirely  concealed  by  the 
effusives,  probably  constitute  for  the  Neponset  valley,  a 
more  or  less  continuous  sheet  of  lava  chronologically  and 
stratigraphically  intermediate  between  the  denuded  surface 
of  the  batholite  and  the  Carboniferous  sediments  and  dis- 
tinctly ujiconformable  in  its  relations  to  both.  The  petro- 
graphic  and  chemical  characters  of  the  effusive  felsites  have 
been  fully  described  by  Dr.  Bascom.  The  original  textural 
variations  are  most  notable,  including  compact,  fluidal, 
spherulitic,  and  clastic  forms.    Although   the  surface  ex- 
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posures  are  numerous  and  instructive,  by  far  the  most  com- 
plete section  of  the  felsitcs  was  that  afforded  temporarily 
during  the  construction  of  the  Stony  Brook-Neponset  tun- 
nel, nearly  a  mile  long,  of  the  High-level  sewer.  This  shows 
the  felsites  resting  upon  both  the  normal  and  fine  granites 
at  points  remote  from  the  nearest  surface  exposures  of  these 
rocks.  The  flow  structure  of  the  felsites,  originally  hori- 
zontal, is  now  everywhere  highly  inclined  and  chiefly  ver- 
tical, showing  that  the  plication  of  the  Carboniferous  sedi- 
ments was  shared  by  their  volcanic  floor.  As  to  the  orig- 
inal or  normal  thickness  of  the  acid  effusives  of  the  Nepon- 
set  valley,  we  have  no  reliable  data;  but  it  was  quite  cer- 
tainly to  be  njeasured  by  hundreds  and  probably  not  by 
thousands  of  feet. 

CARBONIFEROUS  VOLCANICS. 

The  volcanic  rocks  definitely  known  to  be  contempo- 
raneous with  the  Carboniferous  conglomerate  of  the  Nepon- 
set  valley  include  a  moderately  acid  type — trachyte,  and  a 
moderately  basic  type — andesite.  The  andesite  largely  pre- 
dominates; but  the  trachyte  is,  in  the  main  at  least,  the 
older  and  may,  perhaps,  be  regarded  as  in  some  sense  a 
transition  type  between  the  felsite  and  andesite. 

Apotraehyte. — As  described  by  Dr.  Bascom,  this  is  a 
coarsely  and  profusely  porphyritic  rock  of  highly  feldspathic 
composition,  with  albite  as  the  predominating  feldspar.  Dr. 
Bascom  shows  that  the  chemical  analysis  of  this  rock  con- 
firms its  classification  as  a  soda-trachyte  in  which  diopside 
must  have  been  an  original  constituent ;  or,  having  regard 
for  its  present  altered  condition,  it  may  be  more  precisely 
defined  as  a  soda-apotrachyte.  This  rock  has  been  recog- 
nized as  forming  one  small  flow  conformably  interbedded 
with  the  conglomerates  of  the  Central  Avenue  district  in 
Milton,  and  a  probable  vent,  in  part  of  agglomeratic  struc- 
ture, on  the  New  England  railroad  north  of  River  street, 
Hvde  Park.  The  latter  occurrence  was  intersected  and 
more  fully  exposed  by  the  Stony  Brook-Neponset  tunnel. 

Apoandesite. — This  important  volcanic  is  described  by 
Dr.  Bascom  as  an  aphanitic  rock  of  dark  purplish  and 
greenish  tints  in  which  the  original  constituents  are  mainly 
altered  to  calcite,  chlorite,  epidote»  qttMte«iid  Other  attCOod^ 
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ary  species.  The  microstructure  is  commonly  trachytic  and 
inconspicuously  fluidal  and  porphyritic;  and  the  effusive 
phases  are  often  amygdaloidal  or  clastic.  The  distinguish- 
ing feature,  chemically,  as  for  the  trachyte,  is  found  in  the 
high  percentage  of  soda;  and  the  extensive  mineralogiic 
alteration,  without  obliteration  of  original  structures,  makes 
this,  therefore,  a  normal  soda  apoandesite. 

In  areal  extent  and  structural  value  the  Carboniferous 
andesite  is  comparable  with  the  pre-Carboniferous  felsite; 
and  like  the  felsite,  it  is  found  in  the  three  general  modes  of 
occurrence — necks,  dikes  and  flows.  The  bedded  lavas, 
both  acid  and  basic,  of  the  Neponset  valley  are  believed  to 
be  exclusively  contemporaneous. 

The  andesite  dikes  are  very  numerous;  and  they  are 
found  in  all  parts  of  the  complex — cutting  the  successive 
zones  of  the  batholite  and  its  cover  of  acid  lava  (felsite), 
and  cutting  ajpo  the  acid  dikes  of  various  types,  including 
the  porphyry  dikes,  and  the  necks,  stocks  and  dikes  of  fel- 
site. In  distribution,  trend,  form  and  size  they  are  com- 
parable with  the  felsite  dikes ;  and  the  profusion  'of  the  basic 
dikes  clearly  indicates  a  very  general  and  extensive  fissur- 
ing  of  the  subcrust  during  the  subsidence  which  permitted 
the  deposition  of  the  Carboniferous  conglomerate. 

It  is  not  improbable  that  some  of  the  andesite  dikes 
have  formed  effective  vents.  But  of  unequivocal  or  nor- 
mal necks  there  are  no  indications  in  the  sedentary  zones 
of  the  batholite  or  in  the  vicinity  of  the  felsite  necks;  but 
they  are  to  be  found  farther  east,  in  the  effusive  felsites, 
the  clearest  examples  occurring  on  either  side  of  the  Nepon- 
set, in  the  Mattapan  district  of  Dorchester  and  the  Colum- 
bine district  of  Milton.  These  vents  are  decidedly  elon- 
gated or  fissure-like ;  but  they  are  readily  distinguished  from 
the  andesite  dikes  by  even  greater  irregularity  of  outline 
and  especially  by  the  heterogeneity  of  structure  and  the 
prevalence  of  coarsely  clastic  or  agglomeratic  lava.  The 
evidence  is  qdite  as  clear  as  for  the  dikes  that  the  andesite 
is  younger  than  the  effusive  felsites. 

The  andesite  flows,  like  the  dikes,  are  chiefly  aphanitic, 
but  embrace,  also,  amygdaloidal  and  scoriaceous  forms;  and 
1  the  western  part  of  the  field,  especially,  bedded  tuff  and 
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agglomerate,  the  product,  probably,  of  explosive  submarine 
eruptions,  are  prominently  developed.  The  contempora* 
neous  relation  of  the  effusive  andesite  and  the  conglomerate 
is  especially  clear  for  these  f ragmental  varieties ;  but  hardly 
less  so  for  the  regularly  interbedded  flows  in  the  Central 
avenue  and  other  parts  of  the  field.  The  transverse  sec- 
tions of  individual  flows  are,  in  some  instances,  very  in- 
structive, showing  a  normal  gradation  upward  from  densely 
aphanitic  to  amygdaloidal  and  scoriaceous  forms  of  lava. 

DIABASE  DIKBS. 

As  previously  intimated,  the  diabase  dikes  of  this  area, 
as  of  the  Boston  basin  generally,  are  referable  to  two  dis- 
tinct series — distinct  in  age,  trend  and  lithologic  character. 
We  may  properly  emphasize  the  chronologic  distinction,  as 
of  greatest  geologic  significance,  by  designating  these  two 
series,  provisionally,  the  Carboniferous  and  the  Triassic. 
Evidently,  the  diabase  dikes  are  not  related  in  origin  or 
composition  to  any  of  the  other  igneous  rocks  of  the  dis- 
trict; and  in  size,  regularity  and  continuity  the  two  systems 
are  essentially  similar  and  normal. 

Carbontferous  Diabase  Dikes  -  The  normal  trend  of 
the  numerous  dikes  of  this  series  is  approximately  east- 
west  ;  and  they  rarely  vary  more  than  thirty  degrees  from 
the  normal.  Although  commonly  approximately  vertical, 
they  are  more  likely  than  the  Triassic  dikes  to  exhibit  a  dis- 
tinct hade,  especially  in  the  sedimentary  terranes,  the  mani- 
fest tendency  being  to  conform  with  the  strike  joints  of  the 
enclosing  formation.  In  other  words,  these  are  longitudin- 
al dikes,  traversing  a  series  of  unsymmetric  folds,  and  sym- 
pathizing in  attitude  with  the  tension  planes  of  the  flexures, 
having  been  developed  during  a  period  of  folding  and  strike 
or  thnist  faulting.  In  the  dikes  of  this  series  transverse 
columnar  jointing  is  rarely  distinctly  developed.  Litho- 
logically  they  are  rather  fine-grained  greenstones,  the  orig- 
inal or  normal  constituents  having  suffered  extensive  chlo- 
ritization  and  epidotization,  in  consequence  of  which  the 
diabase  is  somewhat  immune  to  kaolinization  and  to  be 
reckoned  among  the  more  resistant  rocks  of  the  region. 

Triassic  Diabase  Dikes — The  rather  infrequent  dikes 
of  this  series  adhere  very  closely  to  a  north-south  trend  and 
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vertical  attitude,  a  hade  of  even  a  iew  degrees  being  very 
unusual.  Their  relation  to  the  general  geological  structure 
of  the  region  is  distinctly  transverse;  and,  evidently,  they 
date  from  a  period  of  gravity  faulting  without  folding,  such 
as  the  Triassic  is  known  to  have  been.  Transverse  colum- 
nar jointing  is  commonly  well  developed;  the  greenstone 
alteration  is  wanting;  and  the  rock  yields  readily  to  kaolin- 
ization,  the  tendency  to  pass  by  spheroidal  weathering  to  a 
rusty  brown  earth  being  a  marked  feature  of  this  diabase. 


STRATIGRAPHY  OF  THE  EASTERN  OUTCROP  OF  THE   KAN- 
SAS PERMIAN.* 
By  J.  W.  B»D>  and  S.  H    8>ixabd«. 

PLATES  IV-V. 

According  to  Prossert  and  Frecht,  the  Wreford  lime- 
stone may  be  considered  the  base  of  the  Kansas  Permian. 
The  writers'  studies  are  at  present  confirmatory  to  this 
view.  From  a  geographic  standpoint  this  is  a  most  fortu- 
nate occurrence  as  this  limestone  forms  one  of  the  most 
striking  and  persistent  escarpments  in  Kansas.  It  is  the 
most  easily  mapped  formation  in  the  state  with  the  possi- 
ble exception  of  the  Florence  flint,  sixty  feet  above  it.  The 
northern  two-thirds  of  the  outcrop  has  already  been  worked 
out  and  discussed  in  greater  or  less  detail,  and  is  fairly 
well  known,  but  this  can  hardly  be  said  of  the  southern 
third.  The  object  of  the  present  paper  is  to  give  a  general- 
ized map  of  the  outcrop,  so  far  as  determined,  and  to  furnish 
an  idea  of  the  stratigraphy,  throughout  the  length  of  the 
strike  in  Kansas — a  distance  of  over  200  miles  while  the  ex- 
tent of  the  outcrop  is  several  times  as  great. 

NATURE  OP  THE  OUTCROP. 

In  the  region  north  of  the  Kansas  river  the  escarpment 
formed  by  the  Wreford  limestone  is  frequently  fainter  than 
that  of  the  Florence  flint  and  Fort  Riley  Ifmestone.  This 
is  true  of  most  of  the  Blue  river  region  north  of  Garrison. 
The  Cottonwood  limestone  escarpment  is  subordinated  in 
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the  northern  third  of  its  outcrop  where  the  Wreford  lime- 
stone and  Florence  flint  appear  in  the  same  bluffs,  as  in 
some  localities  in  the  Blue  river  region.  However  its  out- 
crop is  always  strongly  marked  when  it  is  found  at  consid- 
erable altitudes  above  drainage  level  or  well  removed  from 
the  flints,  as  at  Manhattan,  Frankfort,  Alma,. etc.,  except 
when  deeply  drift  covered  as  near  Summerfield. 

In  the  central  region,  from  the  Kansas  river  south  to 
the  vicinity  of  Reece,  the  Wreford  limestone  is  best  devel- 
oped and  forms  a  very  strong  escarpment  with  the  Flor- 
ence flint  forming  another  just  above  and  west  of  it. 
Throughout  this  region  as  far  south  as  Bazaar,  Chase  Co., 
the  Cottonwood  limestone  escarpment  retains  its  sharp  out- 
line and  whitish  appearance.  For  the  entire  distance  from 
the  Nebraska  line  the  Cottonwood  limestone  retains  its 
striking  peculiarities  which  are  so  distinct  that  even  an 
amateur  would  not  overlook  it.  The  same  may  be  said  of 
the  Florena  shale  lying  upon  it.  South  of  the  latitude  of 
Bazaar  both  these  layers  lose  their  distinctive  characters 
and  cease  to  be  of  great  importance  as  horizon  markers. 
Whether  or  not  they  extend  across  the  southern  part  of 
the  state  as  distinct  strata  can  only  be  determined  by  care- 
fully tracing  them  the  entire  distance.  In  the  southern 
region,  except,  perhaps  the  southern  fourth  of  it,  the  Wre- 
ford limestone  escarpment  becomes  somewhat  accentuated, 
where  it  actually  reaches  the  crest  of  the  ridge.  This  is 
due  as  much  to  the  drainage  as  to  the  relative  importance 
of  the  stratum  which  is  really  thinner  here  than  it  is  farther 
north.  At  Beaumont  and  Grand  Summit  it  has  been  re- 
moved from  the  top  of  the  escarpment.  At  the  former 
place  it  occurs  at  the  front  of  the  ridge  some  distance  north 
and  south  of  the  railroad  but  falls  back  to  the  middle  of  the 
town  and  is  lower  in  altitude  than  the  railroad  g^ade  at  the 
crest  of  the  escarpment  on  account  of  the  westerly  dip  of 
the  rocks.  This  is  more  strikingly  the  case  at  Grand  Sum- 
mit where  the  Wreford  limestone  and  some  ninety  feet  of 
underlying  rocks  have  been  removed  along  the  railroad  as 
far  west  as  Grouse  creek,  west  of  Cambridge.  About  two 
miles  north  of  Grand  Summit  it  appears  in  the  top  of  the 
escarpment  and  also  forms  a  high  ridge  west  of  the  town, 
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as  will  be  noted  later.  South  of  this  region  local  structures 
come  to  be  of  some  importance  and  the  stratigraphy  has 
not  been  worked  out  in  detail.  Just  east  of  Dexter  it  may 
be  seen  dipping  sharply  into  the  ground  to  the  eastward 
while  the  general  dip  is  to  the  west. 

As  far  south  as  Reece  the  Florence  flint  reaches  nearly 
to  the  edge  of  the  escarpment  forming  a  second  prominent 
bench.  South  of  this  it  becomes,  frequently,  less  distinct — 
except  in  the  region  of  Burden,  and  comes  in  in  the  back- 
slope  toward  the  Walnut  river  forming  a  second  escarp- 
ment. It  is  impossible  to  locate  the  Cottonwood  limestone 
with  certainty  here  by  its  lithologic  or  other  characters. 
All  the  limestones  of  a'ny  considerable  importance  are  ex- 
cellently shown  in  the  numerous  cuts  and  exposures  but 
none  of  them  possess  the  typical  appearance  of  the  Cotton- 
wood. The  writers  are  of  the  opinion  that  it  is  continuous 
with  changed  lithologic  characters  throughout  this  region, 
but  this  is  by  no  means  certain.  It  has  never  been  traced 
to  the  southern  limit  of  Kansas  and  ''into  Oklahoma"  by 
any  Kansas  geologist.*  The  statements  of  Keyes  were 
probably  based  on  Haworth's  reconnaissance  map  published 
in  the  first  and  second  reports  of  the  Kansas  survey ,t  which 
was  probably  based  on  Adams*  section  from  Galena  to 
Wellington.^  If  the  Cottonwood  limestone  extends  this 
far  south  the  map  mentioned  is  not  much  in  error  as  to  its 
general  location.  On  this  map  the  Cottonwood  limestone 
is  marked  as  the  upper  limit  of  the  Coal  Measures  and  the 
rocks  above  are  indicated  as  Permian  in  accordance  with 
Prosser's  earlier  opinion.' 

The  outcrop  of  the  Florence  flint  and  Fort  Riley  lime- 
stone closely  parallels  the  outcrop  of  the  Wreford  limestone 
across  the  state  and  could  be  represented  in  a  general  way 
by  a  line  close  to  the  line  on  the  accompanying  map,  but 
lying  just  west  of  it.  The  same  would  be  true  of  the  Cot- 
tonwood limestone  as  far  south,  or  a  little  farther,  than  the 
latitude  of  Emporia  but  lying  just  east  of  the  Wreford  lime- 
stone.    In  such  places  as  Manhattan,  Frankfort,  and  Mill 

*  Key«0,  Am«r.   QtwA.   zziM,   i>p.   908  and  811. 

tUniT.  G«ol.  %WT,  I6m«..   X.  pi.  xxl,  1886;   II,  pi.   xlvllf.  1887. 

top.   au  I.  pp.   1848,   1888. 

I  For  the  oritfiud  claMrtflcatHm  and  the  retMrences  to  the  literaturr 
tM,  J«nir.  Qeoi,  m.  pp.  888-708,  764-800  and  espedaUj  chart  p.  800.  1898: 
WOf  MvlMd  eteMriflcatlon  aee  Ibid,   x,   pp.  708-737.   1908. 
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creek,  in  Wabaunsee  county,  there  would  be  some  error  in 
the  latter  statement,  but  in  general  it  would  be  true. 

DETAILS  OF  STRATIGRAPHY. 

In  order  to  give  a  clear  idea  of  the  stratigraphy  of  this 
horizon  throughout  its  g^eat  extent  of  outcrop  it  will  be 
necessary  to  discuss  each  of  the  several  associated  forma^ 
tions  and  give  detailed  sections  of  well  distributed  ex- 
posures. 

As  already  stated  the  escarpment  of  the  "Flint  hills" 
(formed  by  the  Wreford  limestone,  Florence  flint  and  Fort 
Riley  limestone)  is  so  marked  a  feature  that  it  may  be 
traced  across  the  state  without  difficulty.  Quite  as  striking 
still  is  the  great  uniformity  of  the  formations  associated 
with  the  escarpment. 

Northern  province:  In  1858  Henry  Englemann  passed 
over  this  region  and  briefly  discussed  the  rocks,  probably  in 
the  vicinity  of  Frankfort  and  Marrett.*  In  1881  Broadhead 
published  a  paper  on  the  "Geology  of  the  Central  Branch 
railroad^t  giving  sections,  particularly  at  Frankfort.  These 
papers  are  discussed  by  one  of  the  writers  in  the  Kans. 
Univ.  Quart.,  IX,  pp.  191-202.  In  1895  Knerr  ran  a  section 
over  the  same  route.^ 

The  Nebraska  area  has  been  pretty  thoroughly  dis- 
cussed by  Knight.8  The  writers  have  been  over  the  Blue 
Springs  (=Wymore),  Nebraska  area  and  studied  his  sec- 
tions in  a  general  way.  According  to  Knight's  section  the 
thickness  of  the  Florence  flint  in  the  bluffs  opposite '  Blue 
Springs,  numbers  5  to  7  of  his  section,  is  19  feet  2  inches^ 
with  13  feet,  numbers  8  and  9,  of  the  Fort  Riley  limestone 
exposed  above  it.  At  the  Crusher  quarry,  near  the  B.  and 
M.  R.  R. — U.  P.  junction  south  of  Blue  Springs  we  measured 
the  section  of  the  Florence  flint,  finding  it  to  be  19  feet  6 
inches  with  a  four  foot  layer  of  limestone  beneath.  Include 
ing  this  limestone,  which  was  not  included  in  the  flint  in 
Knight's  section,  the  total  thickness  would  be  23  feet  6 
inches.  This  lower  layer  is  somewhat  fossiliferous.  Just 
north  of  the  junction  beneath  the  U.  P.  bridge  over  the  little 

«  SimpBon.  Expl.  Exped.  OX.  Basin,  Utah,  p.  S4,  Utt. 
t  Kans.  City  Rev.   8ci.  and  Ind.,  V,  p.  lit  et  1 
t  Univ.   0«ol.   8urv.   Kans^  I,  ppw  140-144,  IM. 
{Jour.  Oeol.,  vii,  pp.  817-174. 
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creek  the  Wreford  limestone  is  exposed.  The  interval  be- 
tween this  outcrop  and  the  base  of  the  Florence  flint,  in  the 
Crusher  quarry  is  61  feet,  barometrically.  This  interval 
represents  the  thickness  of  the  Matfield  formation  at  this 
locality,  with,«  perhaps,  some  of  the  upper  part  of  the  Wre- 
ford limestone. 

(For  the  description  and  definition  of  the  formational  terms 
used  in  this  paper  see  the  two  papers  of  Prosser  preyiously  cited 
and  Folio  109,  U.  S.  GeoL  Surv.  Atlas.  It  is  also  necessary  to  call 
attention  to  Adams'  paper,  Bull.  211  V.  S.  Geol.  Surv.,  1903,  in 
which  these  formations  were  discussed  and  given  the  names  pro- 
posed by  Prosser  in  the  latter  of  the  two  papers  referred  to  which 
appeared  about  10  months  prior  to  Adams'  paper.  Consequently 
Adams'  statements  concerning  the  Blmdale,  Eskridge,  Matfield  and 
Doyle  formations,  pp.  54-59,  that  "It  has  not  heretofore  received  a 
distinct  name"  etc.  etc.  are  in  error.  More  lamentably  so  because 
from  his  own  statement  to  me  he  was  thoroughly  cognizant  of 
Prosser's  paper  for  months  before  his  paper  was  published. — Beede.) 

Owing  to  an  anticlinal  structure  north  of  the  Kansas 

line  the  Wreford  limestone  appears  at  the  B.  and  M.  R.  R. 

junction  as  just  mentioned  and  is  somewhat  fossiliferous. 

The  section  beneath  the  U.  P.  bridge  is  as  follows: 

4.  Chert,  a  fourteen  inch  layer  1  ft  2  inchejfr 

3.  Limestone,  irregular  and  rather  thin  bedded 3  "    0 

2.  Shales,  hard  buff  3  "    0 

1.  Shales,  blue,  extending  to  the  creek  bed 2  "    0 


u 
u 
t$ 


Total    ^ 9  ft.  2  inches 

Numbers  3  and  4  probably  represent  the  upper  part  of 
the  Wreford  limestone  and  are  somewhat  fossiliferous 
while  I  and  2  are  probably  interbedded  shales  with  the 
major  part  of  the  limestone  below. 

At  Holmesville  (not  visited  by  the  writers)  a  little  over 
20  feet  of  limestone,  according  to  Knight's  section  may  be 
referred  to  the  Wreford,  the  lower  six  feet  of  which  is 
chcrty.*  The  section  at  the  state  line  was  not  visited  by 
the  writers  but  according  to  Knight's  section  there  are  33 
feet  of  Matfield  shales,  numbers  i  and  2  of  his  section,t  and 
apparently  15  feet  of  Florence  flint,  number  3.  However 
it  seems  probable  that  number  4  of  his  section  contains 
about  two  feet  of  cherty  limestone  belonging  to  the  Flor- 

•  Op.  elt  p.  M. 
flioe.  elt.  p.  IC7. 
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ence  flint.  Numbers  4  to  7  represent  the  Fort  Riley  lime- 
stone, of  which  33±  feet  are  shown  in  the  section.  In 
Beede's  section  at  Oketo*  the  top  of  the  Matfield  is  shown 
in  the  ravine  just  north  of  the  depot.  The  thickness  of  the 
Florence  flint  is  given  as  17  feet  and  the  total  thickness  of 
the  overlying  Fort  Riley  limestone  is  given  as  37  feet. 

Passing  down  the  Big  Blue  river  to  Marj-^sville  we  find 
the  same  general  conditions  repeated.  In  the  northern 
part  of  the  town  11  feet  of  the  top  of  the  Matfield  forma- 
tion followed  by  20  feet  of  the  Florence  flint  and  26  feet  of 
the  Fort  Riley  limestone  are  exposed,  as  shown  in  the  fol- 
lowing section : 

MARYSVILLB  SECTION. 

10.    Limestone,  thin  bedded,  disintegrated  2+  ft.  0  inches 

9.    Limestone,  brownish  with  fragments  of  pelecy- 

pods  2      "    &      " 

8.    Limestone,  thin  bedded,  light  colored  grading 

into  shale    3      "    9      " 

7.    Limestone,  cellular,  with  iron  streaks  and  stem- 
like  marks    ..3      "    9      " 

6.    Limestone,  cellular  5      "    0      " 

5.    Marls  and  clayey  shales  with  brachiopods  and 

bryozoans 9      "    0      " 

4.  Limestones  with  layers  of  chert  and  chert 
concretions,  including  a  two  foot  layer  of 
soft  limestone  below  the  chert.    Aviculip- 

inna  at  the  top  of  the  flint 20      "     0      " 

3.    Shale,  soft,  gray  and  f ossilf erous 0      "    6      " 

2.    Umestone    2      "    6      " 

1.    Shales,  red  and  blue,  carbonaceous  in  places, 

with  plants  8      "    0      " 

■  ^— ^— — ^^i^ 

Total  57      ft  0  inches 

Numbers  1-3  belong  to  the  Matfield  formation,  number 
4  IS  the  Florence  flint  and  5-10  are  classed  with  the  Fort 
Riley  limestone. 

Number  3  is  a  quite  fbssiliferous  calcareous  shale  as  is 
number  5.  The  latter  seems  to  be  more  nearly  related  to 
the  Fort  Riley  limestone  lithologically,  that  is,  it  seems  to 
grade  into  the  limestone  laterally  more  than  into  the  (Knt, 
and  is  classed  with  it.  Biyozoa  and  Brachiopods  are  die 
dominant  fossils  of  this  layer.    The  individttal  layers  of  tho* 

t  Paper  cited  above. 
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Fort  Riley  limestone  show  a  tendency  to  pinch  out,  or  to 
be  lenticular  as  is  shown  in  the  Marysville  and  Oketa  quar- 
ries but  it  has  no  effect  on  the  thickness  of  the  stratum  as 
a  whole. 

There  is  an  excellent  exposure  of  the  lower  Permian 
rocks,  ranging  from  the  upper  part  of  the  Wreford  well 
into  the  Fort  Riley  limestone,  on  the  west  side  of  the  Big 
Blue  river  three  miles  south  of  Marysville  where  the  bot- 
tom road  crosses  a  bridge  over  a  little  creek.  The  section 
begins  at  the  river  level  and  passes  up  the  creek  beneath 
the  bridge  to  the  top  of  the  high,  bare-faced  bluflF  above 
the  bridge.  At  this  point  the  Wreford  limestone  passes 
beneath  the  Big  Blue  river,  causing  a  slight  fall. 

SBCTION  AT  BRIDGE  ACROSS  CREBK  THRSE  MILES  SOUTH 
OF  MARYSVILLE  ON  THE  WEST  SIDE  OF  THE 

BIG  BLUE  RIVER. 

28.    Limestone    5+  ft.  0  inches 

27.    Coyered    10      "    0      " 

26.    Limestone,  skaly   3      "    0      " 

25.    Limestone  with  fossils  and*  a  little  chert . .  2     ^    0      " 

24.    Shales,  yellow,  with  fossils 1      "    6      " 

23.    Limestone  with  3  to  4  layers  of  concretionary 

chert   3  "  4 

22.    Shale,  calcareous,  or  marl 0  "  9 

21.    Limestone  with  thin  chert  layer  helow  and  4 

inch  layer  in  upper  part 2  "  0 

20.    Limestone  with  7  layers  of  concretionary  chert  5  "  6 

19.    Limestone  with  4  layers  of  concretionary  chert  4  "  0 
18.    Shales,  fossiliferous,  =  layer  below  flint  at 

MarysTllle   0  "  6      " 

17.    Limestone,   argUlaceous    3  "  0      " 


« 
tt 


■* 


16.  Shales,  red  and  green  with  sandstone  layer..  14  "  0 

16.    Sandstone,  soft  red  1  "  3 

14.    Shides,  clayey,  blue,  olive  and  green 19  "  0 

13.    Umestone,  blue   1  "  0 

12.    ShalcfB,  blue  clayey  3  "  0 

11.    Talus,  by  barometer  25  "  0 

10.    Shales,  green,  showing  in  creek  bank 1  "  6 

9.    Covered,  creek  bed  3  "  0      " 

%i    LteMlQW^  gray  clayey  2  "  0      " 

7*  Titw >■!—«,  very   compact  with   smooth   frac- 
ture, lolld  geodes 1  "  0      " 


tt 
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e.  Umeatone,  v«t7  dark  blue  argDlaceom 5  "  0  " 

6.  Limestone,  6  Incbea  to  1  foot,  wltli  fracmentB 

fd  fo8<l)«  beneatb  bridge  1  "  0  " 

4.  Chert,  G  Inchea  to 0  "  6  " 

5.  Umestone,  blue  wlU)  fragments  of  fossils 0  "6  " 

2.  Chert- 0  "  4  " 

1.  Limestone,  thin  lasrera  below  Ugli  wster  at  the 

mouth  of  the  creek.  Farther  out  In  the 
river  a  layer  of  chert  may  be  seen  at  low 
water   T     "    T     " 

Total   118      "    8      " 

Numbers  i  to  8  represent  the  upper  part  of  the  Wre- 
ford  limestone,  a  total  of  over  lo  feet  4  inches.  The  sec- 
tion covered  by  the  high  water  in  the  river  at  the  time  of 
our  visit  should  be  added  to  this  in  estimating  its  thickness 
at  this  exposure.  Numbers  9  to  16  are  the  layers  of  the 
Matfield  formation  which  has  an  aggregate  thickness  here 
of  67  feet  9  inches.  Numbers  17  to  23  represent  the  Flor- 
ence flint  with  a  thickness  of  19  feet.  There  are  21  feet 
6  inches  of  the  Fort  Riley  limestone,  numbers  24  to  28, 
exposed  at  the  top  of  the  section. 

On  the  side  of  the  hill  west  of  Marysville  the  Florence 
flint  and  Fort  Riley  limestone  have  a  combined  thickness 
of  about  60  feet.  Resting  on  the  Innestone  are  20  feet  of 
red,  blue,  green  and  yellow  shales  followed  by  a  compara- 
tively thin  limestone.  The  remainder  of  the  hill  is  covered 
to  the  top,  a  distance  of  about  40  feet.  The  base  of  the 
Winfield  limestone  should  be  found  here  but  no  traces  of  it 
were  noticed. 

In  eastern  Marshall  county,  near  Beattie,  the  Cotton- 
wood limestone  is  eight  feet  thick,  the  lower  part  being  im- 
pure. At  this  locality  the  Florena  shales  are  only  two 
feet  thick.*  Above  this  are  exposed  ten  feet  of  argiliaceotu 
limestones  and  indurated  calcareous  shales  of  the 
lower  part  of  the  Neosho  member  of  the  Garrison 
formation.  Going  west  along  the  railroad  from  the 
outcrop  of  the  Cottonwood  limestone  to  what  appean  to* 
be  the  Wreford  limestone  shown  in  the  cut  near  mflepost 
102  on  the  Grand  Island  R.  R.  the  barometer  showed  a  r 

•  Numbers    1    lo   3    are    the    Cottonwood  llni«atone,  UUI  (  la  the  Plor' 

pna  ahsle,     KHnn.   Univ.  Quart.,  Ix.  p.  196. 

•  Kbdb.    llnlv.    Quart. ,   U,   p.    199, 
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of  70  feet.  Allowing  for  the  probable  dip  would  give  the 
Garrison  formation  a  thickness  of  no  feet  in  this  vicinity. 
Since  it  was  necessary  to  select  another  term  than  the 
"Cottonwood  shales"  for  the  shales  immediately  above  the- 
Cottonwood  limestone  the  term  "Florena  shale"  was  usedt 
because  of  the  extensive  quarries  in  the  Cotonwood  lime- 
stone at  Florena  which  show  the  shale  admirably,  rich  in  its- 
typical  fauna,  though  somewhat  diminished  in  thickness- 
when  compared  with  the  Cottonwood  Falls  region.  The 
section  at  the  Florena  quarries  is  as  follows : , 
FLORENA  QUARRT  SECTION. 
5.  UmeBtone,  eztremelf  tbln  bedded,  and  shale  3  ft  0  inches 
*.    Limestone   2     "    0     " 

8.    Shale,  calcareous  with  abuadant  fonlls,  the 

Plore&R  3      "    8 

2.    Limestone,  nearly  white  Irlth  small  Fusnllnte  Z      "2      " 
1.    Umestone,  the  npper  third  with  many  Pusullna  S      "    8      " 

Total  15      ft.  4  Inches 

Numbers  i  and  2  are  the  Cottonwood  limestone  and* 
number  three  is  the  Florena  shale.  Numbers-  4  and  5  are 
tlie  base  of  the  Neosho  member  of  the  Garrison  formation. 
The  Florena  shales  thicken  to  the  southward,  from  two- 
feet  at  Beattie  to  3  feet  8  inches  at  Florena,  This  thicken- 
ing continues  to  the  Cottonwood  river  where  they  reach  a- 
thickness  of  6  feet. 

Southward  from  Florena,  in  the  vicinity  of  Garrison,, 
the  Cottonwood  limestone  passes  down  to  about,  or  a  little- 
bclow,  the  level  of  the  river.  Here  the  Garrison  formation, 
Wreford  limestone,  Mlatfield  formation,  Florence  flint  and" 
Fort  Riley  limestone  all  take  part  in  forming  the  pictur- 
esque bluffs  of  the  Big  Blue  river.  It  may  have  been  from- 
the  inspiration  of  this  place  that  Cragin  named  the  lower- 
Permian  rocks  of  Kansas  the  "Big  Blue  Series."*  There- 
are  83  or  more  feet  of  the  Garrison  formation  exposed  io- 
dic hUttta  by  the  town.     The  Wreford     limestone     has  a-. 


p.   Tit,     wh«i»    the  "Cottonwood  )ltn««tone"  ta  ret«lD~ 

i&  Ilmeatone"   1b  droppecL 
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thickness  of  somewhere  from  30  to  45  feet  (can  not  be  well 
determined  from  the  face  of  the  bluff),  and  the  Matfield 
formation  has  a  thickness  of  about  70  feet.  The  Florence 
flint  is  about  20  or  25  feet  thick  and  the  Fort  Riley  lime- 
stone is  about  40  f^et. 

According  to  our  figures  the  total  thickness  of  the  sec- 
tion in  the  hill  at  Garrison  is  300  feet.  One  of  the  writers 
-was  informed  that  the  bluff  had  been  measured  by  transit 
and  level  and  found  to  be  268  feet  above  the  town.  Our 
:section  includes  the  higher  hills  to  the  north  of  the  flag 
pole,  which,  probably,  were  not  included  in  the  measure- 
ment just  referred  to. 

About  a  quarter  of  a  mile  west  of  the  Garrison  junc- 
tion Beede  gives  a  $ection  of  fifteen  feet  of  the  base  of  the 
Wreford  limestone.*  A  mile  farther  west  he  gives  another 
section  beginning  somewhat  above  the  Wreford  limestone 
and  continuing  into  the  Fort  Riley  limestone.t  Number 
I  of  this  section  should  read  25  feet  instead  of  20  feet,  mak- 
ing the  total  thickness  of  the  section  98  feet,  divided  as  fol- 
lows: Matfield  formation  51  feet,  Florence  flint  22-f-  feet, 
with  21  feet  of  the  Fort  Riley  limestone  exposed. 

This  general  survey  gives  an  idea  of  the  stratigraphy 
•of  the  lower  Permian  and  associated  rocks  north  of  the  Kan- 
sas river.  These  rocks  from  Manhattan  and  Junction  City 
southward  to  the  Cottonwood  river  have  been  made  fam- 
iliar to  the  geological  public  by  Prosser  and  Hay  and  only 
some  of  the  salient  points  will  be  mentioned  to  bring  them 
-clearly  to  the  reader's  mind.  . 

Central  Province. — At  Manhattan,  Prosser  gives  the 
thickness  of  the  Cotonwood  limestone  as  five  feet,*  and  at 
Alma  five  and  one-half  feet.  West  of  Manhattan,  along 
the  Kansas  river  the  higher  formations  appear.  Prossert 
reviews  the  sections  of  Meek  and  Hayden,  Swallow,  and 
Hay.  According  to  Meek  and  Hayden's  estimate  the  Gar- 
rison formation  had  a  thickness  of  109  feet;  according  to 
Swallow  the  thickness  is  from  124  to  153  feet,  while  Prosser 
found  it  to  be  122  feet.  Meek  and  Hayden  give  the  thick- 
ness of  the  Wreford  limestone  as  40  feet ;  according  to  Swal- 

•Op.   clt   p.   19t. 

4  T.nA.      Mf      *k     «n 


t  LdOtt.  clt.  p.  201. 

•  Bull.    Geol.    Soc.   Amer.,    vt   pp.   9.   ST. 

t  Op.  cit.   p.  47  et  8€Q.  '^     " 
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low  it  is  36  to  50  feet  and  Hay^  finds  it  to  be  25  feet  thick 
on  the  Fort  Riley  military  reservation.  The  Matfield  for- 
mation is  represented  on  the  Fort  Riley  military  reserva- 
tion by  52  feet  of  shales  and  limestonesJ  Meek  and  Hay- 
den  give  it  a  thickness  of  67  feet  in  the  Kansas  river  region. 
Hay  assigns  a  thickness  of  25  to  30  feet  to  the  Florence 
flint,  number  9  of  his  section,  and  52  to  62  feet  to  the  Fort 
Riley  limestone,  while  Meek  and  Hayden  estimated  the 
thickness  of  the  Florence  flint  at  38  feet. 

It  is  probable  that  Mr.  Hill's  footnote  referring  to 
number  14  of  Hay's  section  to  the  Marion  formation  (now 
called  the  Winfield  limestone)  is  correct.  At  the  time  of 
our  visit  the  high  hill  where  Hay  probably  obtained  the 
uppermost  members  of  his  section  was  the  target  for  daily 
artillery  practice  and  the  writers  scrupulously  refrained 
from  the  study  of  its  rocks  and  fossils. 

On  account  of  the  condition  of  the  exposure  at  the  time 
of  our  visit  and  its  accessibility  a  section  of  the  rocks  at 
Junction  City  is  given  below.  The  Wreford  limestone  in 
this  section  is  hidden,  occupying  a  terrace  just  above  the 
mill.  The  section  is  located  on  the  south  side  of  the  Smoky 
Hill  river  a  little  south  of  east  of  Junction  City,  beginning 
at  the  water  level  at  the  mill  by  the  wagon  bridge  and  fol- 
lowing the  wagon  road  to  the  top  of  the  hill.  This  section 
is  diagonal  to  the  east  end  of  Hay's  section*  and  crosses  it 
in  a  southeasterly  direction. 

SECTION  AT  THE  MILL  BY  THE  BRIDGE  OVER  THE  SMOKT 
HILL  RIVER  A  UTTLE  SOUTH  OF  EAST  OF 

JUNCTION  CITY. 

38.    Covered  to  the  place  where  the  road  crosses 
the  hill,  limestone    exposures    on    higher 

ground  on  either  side  of  road 15  ft.  0  inches 

37.     Limestone,  shaly 15  "  0 

36.     Limestone,  huffish  brown  with  small  pelecypods  2+  "  0 

35.     Limestone,  shaly.  11  to 12  "  0 

34.     Limestone,  light  colored   1  "  0 

33.     Limestone,  Fort  Riley  "main  ledge" 5  "  0 

32.     Limestone,  rough,  with  "car-links"  on  top 3  "  6 

31.     Shales,  calcareous,  yellow   9  "  0 


<« 
<« 
II 
<i 
« 
i< 
« 


t  Bull.    r.    S.    Geol.    Surv.,   137,   p.   17. 
9  Hay,  Loc.  clt.  p.  17. 
•  Loc.  clt.  pi.  11. 
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<30.    Flint  and  limestone,  Florence  flint 22      "    6      '* 


• 


12.    Covered   45      "    0 


«« 


29.  Limestone,  sbaly;  and  shales  3  "  6 

28.  Shales,  red,  green,  and  olive 7  "6  " 

27.  Shales,  calcareous  1  "  0  " 

26.  Shales,  red   and   yellow    9  "  0  " 

25.  Limestone 0  "  6  " 

24.  Shales 4  "  6  " 

23.  Limestone  and  shales   2  "  6  " 

22.  Shales    2  "  0  " 

21.  Shales,  indurated;  and  limestone 1  ''  6  " 

20.  Shales,  light  colored 4  "  0  " 

19.  Limestone,  0  to   0  "  4  " 

18.  Shales,  light  reddish   4  "  6  " 

17.  Limestone,  slabby  6  inch  to 1  "  0  " 

16.  Shales,   reddish    2  "  0  " 

15.  Limestone,  massive   1  "  0  " 

14.  Covered 3  "  0  " 

13.  Flint  and  limestone   3+  "  0 


«« 


««        A  «« 


11.    Shales,  maroon  and  green   4  "  0  " 

10.    Limestones  with  green  shale  partings 2  "6  " 

9.  .Shales,   green    2+  "  0  " 

8.    Limestone,  gray   0  "  9  •* 

7.    Shales,  bright  green 1  "  0  " 

6.    Limestone    2  "  0  " 

'5.    Clay  and    shales,  lower  %  cross    bedded    and 

blocky    9  "  0  " 

4.    Conglomerate    with  calcareous    cement,    flsh 

teeth,  1  inch  to 0  "  2  " 

3.    Clay,  with  smooth  Joints  0  "  9  " 

2.     Shales,  blue,  green  and  maroon,  indurated 4  "0  ** 

1.     Shales,  reddish,  lower  part  covered,  high  water 

level 3  "  0  " 


Total   210      ft.  0  inches 

This  gives  29  feet  of  the  Garrison  formation  in  this 
^exposure  with  probably  23  feet  to  be  added  as  Hay's  sec- 
tion gives  25  feet  as  the  thickness  of  the  Wreford  at  this 
locality.  It  is  very  probable  that  number  13  of  our  section 
is  the  top  of  the  Wreford.  The  thickness  of  the  Matfield 
formation  here  is  48  feet  (52  feet  according  to  Hay).  The 
Florence  flint  is  22j^  feet  (given  as  25  to  30  feet  by  Hay). 
If  number  29  were  added  to  the  Florence  flint  it  would  cor- 
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respond  to  Hay's  section,  but  would  reduce  the  thickness 
of  the  Matfield  formation  an  equal  amount.  Numbers  31 
to  37  of  our  section  are  Fort  Riley  limestone  and  show  a 
thickness  of  at  least  47J4  feet  of  it  exposed,  with  the  prob- 
ability that  much  of  Number  38  should  be  added. 

The  region  from  Junction  City  to  Cottonwood  Falls 
has  been  well  summarized  by  Prosser.*  Taking  the  region 
as  a  whole  he  ascribes  a  thickness  of  6  feet  to  the  Cotton- 
wood limestone,  140  to  145  feet  to  the  Garrison  formation, 
40  feet  to  the  Wreford  limestone,  60  to  70  feet  to  the  Mat- 
field  formation,  20  feet  to  the  Florence  flint,  40  feet  to  the 
Fort  Riley  limestone,  60  feet  to  the  Doyle  shales  and  20  to 
25  feet  to  the  Winfield  limestone.  Detailed  sections  are 
given  in  the  folio  referred  to. 

Southern  Province. — South  of  the  region  represented  in 
the  Cottonwood  Falls  folio  changes  are  to  be  noted  in  the 
appearance  of  some  of  the  strata  under  consideration.  South 
of  the  latitude  of  Bazaar,  Chase  Co.,  the  Cottonwood  lime- 
stone has  never  been  definitely  located  nor  its  horizon  accu- 
rately mapped.  Keyest  states,  referring  to  the  Cottonwood 
limestone,  that  "its  geographic  range  is  wide,  extending 
from  Nebraska  through  central  Kansas  into  Oklahoma." 
Again^  "The  stratum  (Cottonwood  limestone)  has  been 
traced  from  southeastern  Nebraska  where  it  passes  beneath 
the  Cretaceous,  entirely  across  Kansas  into  Oklahoma.  It 
often  forms  a  noticeable  topographic  feature."  The  Cotton- 
wood limestone  has  never  been  traced  across  Kansas  into 
Oklahoma  unless  it  was  done  by  Keyes  himself.  Indeed, 
as  will  be  shown  in  the  following  discussion,  it  can  not  be 
recognized  with  certainty  by  any  of  its  characters  south  of 
the  region  just  mentioned.  Other  stratigraphic  changes 
occur  in  the  Garrison,  Elmdale  and  intermediate  formations 
so  that  the  members  can  not  be  recognized  readily  by  their 
lithologic  characters  and  can  only  be  determined  by  care- 
fully tracing  the  outcrops  south  from  the  known  localities. 
One  of  the  writers  endeavored  to  locate  the  Cottonwood 
limestone  in  the  southwest  corner  of  Lyon  county  and  tra- 
versed its  general  horizon  to  Reece  but  was  unable  to  locate 

*  Jour.  Qeol.,  iil.  p.  773  and  some  of  the  preceeding  pages.    See  also 
Cottonwood  Falls  Polio,  U.  S.   Qeol.  Surv.  Atlas,  number  109. 
t  Amer.  Qeol,  xxlii.  1899,  p.  806. 
t  Loc.   cit.   p.   811. 
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it  with  certainty.  At  Reece,  Beaumont  and  Grand  Summit 
excellent  exposures  of  all  the  important  limestones  of  the 
entire  section  are  shown,  but  nowhere  is  a  stone  with  all 
the  characters  of  the  Cottonwood  limestone  to  be  found. 
The  fauna  of  the  general  horizon  is  somewhiat  similar  to 
that  of  the  Florena  shales  but  it  is  distributed  through  a 
fairly  wide  range  of  rocks  and  is  nowhere  so  pronounced 
as  in  the  northern  localities.  In  short  the  Cottonwood 
limestone  ceases  to  be  of  great  value  as  a  horizon  marker 
south  of  the  latitude  of  Bazaar. 

The  stratigraphy  of  this  region  can  best  be  compared 
with  that  farther  north  by  detailed  sections.  The  regions 
near  Reece,  Beaumont  and  Grand  Summit  furnish  excellent 
exposures  of  the  rocks  concerned  in  the  Flint  Hills  escarp- 
ment. North  of  this  region  the  flints  have  been  so  con- 
stantly associated  with  this  escarpment  that  it  has  led  to 
some  errors  of  observation  in  its  southern  prolongation. 
For  this  reason  the  sections  near  the  places  just  named  are 
given  in  considerable  detail. 

SECTION  FROM  REECE  TO  SUMMIT  SIDING. 

70.  Limestone,  massive  with  many  chert  concre- 
tions in  layers  15±  ft.  0  inches 

69.    Limestone,  very  chert y,  covered    with    fallen 

chert   3      "    0      " 

68.     Limestone  containing  3  or  4   layers  of  flint. 

Pusulinas    3       "     6      " 


67.     Limestone,   shaly    3      "     8 


« 


(4 
it 
tt 


66.  Shales,  calcareous   0  "  8 

65.  Limestone,   shaly    1  "  0 

64.  Shales,  blue  calcareous   2  "  4 

63.  Limestone,  shaly   2  "  0 

62.  Shales,  yellowish  and  greenish    7  "  0 

61.  Covered    8  "  0      " 

60.  Limestone,  hard,  massive   3  "  0      " 

59.  Shales,   fosslliferous 3  "  0      " 

58.  Limestone,  rotten,  and  fosslliferous .1  "  0      " 

57.  Shales,,  yellowish.   Indurated,  fosslliferous 9  "  0 

56.  Limestone,   rotten,   and   calcareous   shales 3  "  0 

55.  Shales,  green  and  yellowish 8  *'  6      " 

54.  Shales,    maroon    8  "  0 

53.  Shales,  bright  green   2    '  "  0       " 


it 
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62.    Llme<tone,   maselve,   hard    1  "  9 

61.    JJmeitone.  Bhaly    2  "  6  " 

60.    Limestone,  cherty,  probably  3  feet  but  show- 

Ing  only   2  "  3+ 

49.    Shales,  yeUow   B±  "  0  " 

48.     Bhales  with  plants,  fishes  and  ostracoda 0  "6  " 

47,     Limestone,   rotten    1  "  8 

46.     Shalee,  yellow 2  "  •  " 

45.    Limestone   I  "  6 

44.    UmeeWne  with  flint   1  "2  " 

43.    Shaly  layer  . . . : 0  "  *  " 

42.    Limestone,   massive    6  "  0 

41.     Umestone  with  heavy  flint  layers 4  "  0  " 

40.    Shales.  yellowiBh  and  clayey  limestones  with 

fossils   7  "  0  " 

39.    BhaleB,  green *  "  •>  " 

38.    Shales,  maroon   12±  "  0  " 

37.     LImeBlone.  Hlabby   0  "  fl  " 

36.     Shaiee.   light  blue   6  "  0  " 

36.     Limestone,  shaly   7  "  0  " 

34.     Limestone,  hard  gray 0  "  S  " 

33.    Limestone,    cUyey    and    rotten,    pelecypods. 

Same  as  In  cut  east  of  the  big  fill 10  "  0  " 

33.     Limestone,   shaly   and   slabby    4  "  6 

31.     Shales,    greenish    3  "  6 

30.     LliDestone.  hard  blue  0  "  fl  " 

29.  Shalpa,  light  greenish  or  bluish 8  "0  " 

25.  Clay,   soft  yellowish,  with  rotten  limestone  on 

top   2  "  6  " 

27,    Limestone,  shaly  and  slabby  with  some  shales  10  "  0  " 

26.  Limestone    0  "  6 

86.    Shale   0  "  6  " 

24.    Limestone,  hard   1  "  0  " 

23.    Covered,  with  two  well-marked  limestone  hori- 
zons   70±  "  0  " 

22.    Covered,  mostly,  down  to  top  of  Wooster"!  sec- 
tion: thin  limestones  and  shales I26t  "  0 

21.     Limestone  In  four  layers,  butt,  Fusullna 3  "  0  " 

30.  Shales,  buff   5  "  0  " 

19.    Shales,  CHrboniiecoiia  2  "  0  " 

18.    Lfmestone,  buff  shaly,  with  fossils.  Fusultna.  .1  "6  " 

17.    Shale,  blue  and  full  of  fossils.    Fusullna 3  "4  " 

16.     Llnierlone.  buff  and  cherty  containing  Fusullna  1  "  9  " 

IB.     Shades,  raleareous   0  "  9  " 

14.     LImealone.  buff.  Fusullna 1  "  0  " 

13.     Shales,  dark,  butt  (m  weathered  surface.    No 

fossils   3  "  0  " 
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12.    Limestone,  buff,  top  full  of  Pasuliiia 2      **  0  '' 

11.    Shale  6±  -  0  **      * 

10.    Limestone 2±  "  0  " 

9.    Corered    30      "  0  " 

8.    Limestone  weatlierins.  to  a  dirty  dark  gray...  1±  "  0  " 

7.    Covered 11      "  0  " 

6.    Shale,  yellow,  green  and  red  with  rotten  lime- 
stone near  the  middle,  thin  sandstone  of 

1  inch  or  2  inches  near  top 35      "  0  ** 

6.    Limestone  in(thin  layers  made  up  of  pelecypods  1 —  "  0  " 

4.    Shales,  soft  clayey,  and  weathered  slope 33      *'  0  " 

3.     Limestone,  massive  brownish,  forming  fall  in 

creek    1      "  3  " 

2.    Shales,  green  and  blue  soft  clayey 5      *'  0  " 

1.    Limestone,  brown,  massive     with     Productus 

cora    1      "  6  " 

Total   530  ft.±  inches 

Numbers  i  to  3  are  in  the  creek  west  of  the  road  just 
northwest  of  Reece,  the  remaining  lower  part  of  the  sec- 
tion (numbers  4  to  9)  extends  up  the  bluff  from  the  creek. 
Numbers  10  to  21  are  in  the  cuts  near  the  spring  about  i  J4 
miles  west  of  Reece  on  the  railroad.  This  part  of  the  sec- 
tion corresponds  to  Wooster's  section.*  Numbers  22  and 
23  extend  from  the  top  of  these  cuts  to  the  big  fill  about  7 
miles  N.  \\\  of  Reece.  Xumbers  24  to  40  are  shown  in  the 
cut  and  stripping  by  the  big  fill  (which  is  the  same  as  the 
big  trestle  mentioned  ly  Prosser) :  40  to  49  are  in  the 
fourth  cut  east  of  Summit  siding:  50  to  56  are  in  the  third 
cut  east  of  Summit.  57  lo  63  in  the  second  and  61  to  70  are 
in  the  first  cut  east  of  Summit. 

Just  prior  to  our  visit,  the  great  trestle  on  the  eastern 
face  of  th  ?  escarpment  bad  been  filled,  as  had  the  smaller 
ones  between  it  and  the  crest  of  the  ridge.  In  securing  the 
•material  for  the  fills,  the  available  soil  and  loose  material 
had  been  removed  from  the  right  of  wav  in  the  vicinity  of 
the  cuts,  leaving  ideal  exposures  from  which  to  make  exact 
sections.  These  exposures  threw  light  on  points  which 
were  before  obscure.  In  the  light  of  our  sections  we  make 
the  following  summary  of  formations. 

Numbers  i  to  40  are  Coal  Measures  or  Pennsylvanian ; 

•  Kana.   Univ.   Quart.,   vl,   p.   158,    footnote. 
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not  being  able  to  recognize  the  formations  with  certainty  in 
this  lower  part  of  the  section  it  is  deemed  best  not  to  at- 
tempt to  draw  approximate  lines  to  the  formations,  though 
these  numbers  include  the  equivalents  of  the  Elmdale, 
Neva,  Eskridge,  Cottonwood  and  Garrison  formations  and 
probably  some  of  the  formations  below.  Numbers  41  to  52 
are  the  Wreford  limestone,  with  a  thickness  of  over  27  feet 
8  inches.  The  Matfield  formation  is  represented  by  at  least 
58  feet  6  inches  of  rock,  without  number  67,  which  would 
make  it  62  feet  2  inches,  (numbers  53  to  67).  There  is 
more  or  less  of  a  question  as  to  whether  or  not  number  67 
should  be  classed  with  the  Matfield.  We  are  inclined  to 
include  it  with  the  Florence  flint.  Numbers  67,  or  68,  to  70 
represent  the  Florence  flint  with  a  thickness  of  21  feet  6 
inches  without  number  67  or  25  feet  2  inches  with  it. 

A  large  amount  of  plant  remains  was  taken  from  a  cut 
in  the  wagon  road  just  east  of  a  small  ravine  near  the  top 
of  the  escarpment  west  of  Reece.  This  horizon  seemed  to 
be  the  equivalent  of  numbers  19  and  20,  though  this  was 
not  determined  with  certainty.  It  is  probably  well  down 
in  the  Elmdale  formation,  possibly  at  its  base.  Number  48 
produced  a  large  number  of  plant  remains,  fish  and  ostra- 
cods.  The  Cottonwood  limestone  was  not  located  with 
certainty  and  as  a  consequence  the  thickness  of  the  Garri- 
son formation  can  not  be  stated.  It  seems  probable  that 
Prosser's  location  of  the  horizon  of  the  Cottonwood  lime- 
stone is  approximately  correct.  He  locates  it  as  probably 
being  in  number  7  or  6  of  his  section,  which  is  near  the 
top  of  number  22  of  our  section.  Prosser  refers  numbers 
13-15  of  his  section  to  the  Wreford  limestone,*  giving  it  a 
thickness  of  50  feet.  In  looking  over  his  notes  previous  to 
writing  this  paper  it  was  discovered  that  in  passing  over 
the  section  twice  his  barometer  gave  different  readings  for 
the  covered  portion  of  the  section  between  the  two  flints 
and  in  compiling  the  section  the  smaller  reading  was  used. 
This  was  also  in  accordance  with  the  general  appearance 
of  the  section.  Even  with  the  sides  stripped  as  they  were 
at  the  time  of  our  visit  it  was  very  difficult  to  realize  the 
thickness  of  the  strata  exposed  between  the  upper  cuts  by 

•  Kans.   Univ.   Quart,   vl.   p.   152.    Stronif  flint  =  Wreford  llmeatone. 
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walking  along  the  railroad.  The  upper  part  of  the  Wrcford 
limestone  was  partially  concealed  as  was  most  of  the  Mat- 
field  formation.*  Number  13  of  Prosser's  section  corres- 
ponds to  numbers  41  to  45  of  our  section.  Number  14  of 
his  section  corresponds  to  numbers  46  to  47  of  our  section, 
including  the  shales  and  upper  limestones  of  the  Wreford 
limestone  and  all  of  the  Matfield  formation.  The  remain- 
der of  our  section,  numbers  68  to  70.  corresponds  with  num- 
ber 15  of  his  section,  and  represents  the  exposed  thickness, 
of  the  Florence  flint. 

From  the  foregoing  it  is  clear  that  the  Florence  flint 
forms  the  crest  of  the  "Flint  Hills"  west  of  Reece.  From 
there  west  to  El  Dorado  the  railroad  passes  down  the  dip- 
slope  of  this  stream.  Proceeding  south  from  Reece, 
changes  begin  to  appear  in  the  rocks  making  up  the  front 
of  the  escarpment.  The  Florence  flint  falls  back  to  the 
west  forming  another  small  escarpment  west  of  the  town  of 
Beaumont  and  the  Wreford  limestone  has  been  removed 
from  the  notch  through  which  the  railroad  passes  in  cross- 
ing the  ridge,  though  it  appears  on  the  crest  just  north  and 
south  of  Beaumont.  The  Wreford  limestone  outcrops  in 
the  streets  of  Beaumont,  somewhat  below  the  crest  of  the 
ridge  east  of  the  town  which  is  formed  by  rocks  of  lower 
horizon.* 

South  of  the  Reece  section  the  "Frisco"  railroad  climbs 
the  escarpment  with  numerous  cuttings  which  produce 
practically  a  continuous  exposure.  No  attempt  was  made 
to  go  to  the  base  of  the  escarpment  to  establish  a  section 
but  a  base  was  chosen  about  200  feet  below  the  Wreford 
limestone,  possibly  in  the  top  of  the  Elmdale  formation. 
The  detailed  section  follows : 

SECTION  OF  THE  "FUNT  HILLS'*  ESCARPMENT  EAST  OF 

BEAUMONT. 


• 


42.     Covered,  to  the  base  of  the  Wreford  limestone 

in  the  crest  of  the  hill  south  of  the  railroad  20  ft.  0  inehes 

41.     Shales,   red   and   blue,   disintegrated,   showing 

in  cut    S-f  "  0      •* 

40.    Shale,  indurated,  blue  calcareous   5      "  0      " 

39.    Shale,  calcareous  disintegrated   3      "  6      ** 

t  Thts  correction  aiso  applies  to  the  section  published  in   U.  8.  0«oL 
Surv.   Folio  liW,  p.  S.  column  8. 

•  Sellarda  left  the  flcid  at  the  dose  of  the  work  at  Reece. 
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38.    Limestone,  massive,  fine  chert  concretions  ilk    *'-  /  • 

top ., 1  '3     /•     . 

37.    Limestone,  shaly,  and  calcareous  sbales,  upper 

part,  very  fossiliferous  6  "    9 

36.    Limestone,   Impure,    some   chert 2  "    0 

35.    Shales,  gray,  and  thin  sheets  of  limestone 1  "6      ** 

34.    Limestone,   hard   bluisli^   weathering   buflMih, 

layer  of  pelecypods  on  top %  "    0      ** 

33.    Shales,  olive,  clayey  5  "    0      " 

32.    Crusty  deposit •. .  1  "    0 

31.    Shales,  blue  2  "    0 

30.    Shales,  calcareous  concretionary  2  "    0 

29.    Shales,  yellowish  calcareous   3  "    0 

28.    Limestone,  blue,   hard  and   slaty  with  some 

fossils    6  "    0      " 

27,    Limestone,  massive  with  occasional  chert  con- 
cretions,  shaly   above   and   cherty   below. 

Pseadomonotis 5  "     6      " 

26.    Shale,  blue,  hard,  disintegrated,  some  fossils  3  "0      " 

25.    Covered  to  the  base  of  the  previous  cut 10  "    0      " 

24.    Shales    1  "    6      " 

23.    Limestone,  rotten  1      **      0      •* 

22.    Shales,  light  colored  12  "    6      - 

21.    Limestone,  rotten    1  "    0      ** 

20.    Shale 2  "0      " 

19.    Limestone  1±  "    0      •* 

18.    Covered  to  limestone  5   feet  below  previous  • 

cut 5  "    0      " 

17.    Shales,  yellow  calcareous,  some  fossils 12  **    0      " 

16.    Covered   15  "    0      " 

15.    Shales,  crusty   2  '*    0      " 

14.    Limestone,  shaly  above  and  massive  below. . .  8  "0      *' 

13.    Shales,  light  colored,  clayey,  to  base  of  last  cut  10  "    0 
12.    Umefltone,  massive,  in  three  layers,  FusaHna 

on  top f 6  "    0 

11.    Shales,  calcareous,  with  some  fossils 3  "    0 

10.    Shales,  yellowish,  to  base  of  previous  cut 12  "    0 

9.    Limestone,  shaly  , 1  "    0 

8.    Shales,  light  colored,  clayey 5  "    0 

7.    Covered    * 5  "    0      " 

6.    Limestones,  two  thin  ones,  with  shaly  parting.  .1  "5      " 

6.    Shales,  blue,  calcareous   5  "    0      " 

4.  Limestone ,  massive,    flesh-colored,    gastropods, 

pelecypods  and  cephalopods  2  "    6      " 

3.    Limestone,  yellowish  and  impure,  and  shales 

fossils    5  "    0      " 

2.    Shale,  blue,  some  fossils 2  "    0      " 
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Numbers  i  to  lo  are  in  the  fifth  cut  on  the  big 
curve  going  east.  Numbers  ii  to  13  are  in  the  fourth  cut, 
14  to  16  in  the  third,  17  to  19  in  the  second  and  30  to  25 
are  in  the  first  cut  on  the  big  curve  going  east.  Numbers 
26  to  33  are  in  the  cut  a  half  mile  east  of  Beaumont  junc- 
tion and  numbers  34  to  40  are  in  the  first  cut  east  of  Bean- 
mont.  In  other  words  the  section  beginning  at  number  40 
and  passing  eastward  down  the  escarpment  along  the  rail- 
road is  exposed  in  the  first  seven  cuts. 

It  seems  probable  that  number  12  of  this  section  is  in 
the  approximate  horizon  of  the  Cottonwood  limestone, 
judging  from  its  general  appearance  and  position  in  the 
section,  and  number  13  carries  a  fauna  similar  to  the 
Florena  sliales  and  has  a  resemblance  to  them.  If  this  sug- 
gestion should  prove  to  be  correct  the  thickness  of  the  Gar- 
rison forinaiion  at  this  locality  would  be  146  feet. 

The  two  streams  heading  on  the  crest  of  the  ridge  have 
removed  the  Wreford  limestone  from  the  point  where  the 
railroad  crosses  the  ridge  as  stated  above,  but  appears  on 
the  ridge  just  south  of  the  railroad. 

Eighteen  miles  south  of  Beaumont  is  the  Grand  Sum- 
mit region  famous  for  its  fossils.  The  logical  approach  to 
this  region  is  fn>m  the  north  where  the  Beaumont  section 
furnishes  a  valuable  key  to  the  conditions  here. 

This  section  will  be  ct^nsidered  in  two  parts,  the  Grand 
Summit,  or  lower,  .section  and  the  Cambridge- Burden,  or 
upper,  section.  The  detailed  section  of  the  Grand  Summit 
half  follows: 

GRAND  SUMMIT  SBCTION. 


n 


».    Sltah*.  bl«v,  with  oaksivoua  ■kvtfts  and  mil- 
lions o(  fOMlli  IS  n.  0  li 

UHMaonv.  blM,  cta7«r  1  "    9 

StM\vtL.  War.  yello*   bIwtf   5  "     0 

?h>1n  anil  shKlr  Ittwaioar   ......    E  "    0 

l.laivstnnr.     voMMwhai     nwral««-.     wMtbvriBi: 

Il«b1    8+  -     • 

fllialii,  tmk»t*«mK  and  ImiMttv  tinKVtoBv T  "9 

MlniTvoii*  U><n',  TWT  ftw- 
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BiliferouB   , 7-f  "  0      " 

22.    Limestone,  clayey,  nodular  and  day   shales. 

Some  fossils 3  "  0      " 

21.    Shales,  yellow  and  hlue  with  calcareous  lenses. 

Sea  urchins   6  "  0      - 

20.    Covered,  5  feet  to  8  "  0      " 

19.    Shales,  red 6  "  0      " 

18.    Shales,   blue    1  "  0 

17.    Limestone,  blue,  massive   1  "  0 

16.    Shales,  yellow  and  red,  1  foot  of  limestone 

near  the  base 10  "  0      " 

15.    Limestone,  massive  in  one  layer 3  "  0 

14.    Shales,  yellowish,  calcareous  1  "  4 

13.    Limestone,  shaly   1  "  0 

12.    Shales    0  "  4      " 

11.    Limestones,  two  thin  ones  0  "  4      " 

10.    Shales    0  "  6      " 

9.    limestone,  bnff  to  brownish  large  Faaolinaa 

and  chert  in  the  lower  part 6  "  0 

8.    Shales,  clayey    1  "  9 

7.    Limestone,  shaly  to  massive  3  "  9      " 

6.    Shales,  yellowish  3  "  8      " 

6.    Limestones,  thin,  with  shale  partings 3  "  0 

4.    Limestone,  massive,  in  two  layers. . . ^ 3  "  4 

3.    Shalei^  yellowish,  with  calcareous  lajrers  rich 

in  fossUs   9  "  0      " 

2.    Limestone,  dark  colored,  in  thin  layers  full  of 

pelecypods   4  "  0      " 

1.    Shales,  red  and  blue,  in  creek  north  of  the 
cut,  east  of  the  trestle  over     the     small 

creek   11  "  0      " 


«• 
«• 


Total 132      ft.  7  inches 

There  are  somewhere  from  90  to  125  feet  of  rocks  in  the 
hills  to  the  north  of  Grand  Summit  which  should  be  added 
to  this  section,  but  they  are  better  exposed  in  the  section 
which  is  to  follow.  The  Wreford  limestone  caps  the  top  of 
the  hills  north  of  Grand  Summit  and  is  in  the  big  ridge  west 
of  town.  The  most  conspicuous  feature  of  the  Wreford 
limestone  here  is  the  great  blocks  of  semisilicified  limestone, 
apparently  formed  by  Infiltration.  This  is  a  character  of 
this  limestone  throughout  its  southern  extent  but  more 
pronounced  here  than  farther  north.  These  blocks  weather 
out  Brown  arid  the  farmers  use  them  to  fill  mud-holes  in 
the  road,  build  fences,  &c.,     calling     them   "sandstones.'* 
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They  are  very  porous  and  light  and  have  the  smooth  joint 
surfaces  of  chert.  The  top  of  the  hill  west  of  Grand  Sum- 
mit registered  90  feet  above  the  town.  Talcing  the  dip  into 
consideration  this  would  add  more  than  90  feet  to  the 
Grand  Summit  section.  The  dip  to  the  west  is  probably 
equal  to  the  railroad  grade. 

The  limestone  quarried  at  Cambridge  may  be  number 
25  of  our  Grand  Summit  section,  but  it  seems  probable  that 
it  is  one  a  little  higher  in  the  series.  At  Grand  Summit 
there  are  four  layers  of  limestone  with  intervening  shale 
beds  of  considerable  thickness,  between  the  top  of  our  sec- 
tion and  the  base  of  the  Wreford  limestone.  The  lime- 
stone quarried  west  of  town  at  Cambridge  is  94  feet  below 
the  base  of  the  Wreford  limestone.  The  latter  is  excellent- 
ly exposed  across  the  creek  south  of  the  quarry,  where  a 
fairly  good  section  of  the  underlying  rocks  is  to  be  had,  on 
the  point  just  east  of  the  mouth  of  the  little  tributary  from 
the  south.  The  following  section  is  a  compilation  of  this 
expciure  with  those  from  the  old  Torrencc  station,  just  west 
of  Cambridge,  along  the  railroad  to  Burden.  From  Tor- 
rencc (old  station  at  the  Creek)  to  Burden  at  the  top  of  the 
escarpnirnt  almost  all  the  strata  are  excellently  exposed. 
THE  SECTION  FROM  CAMBRIDQE  TO  BURDBN. 

39.    Ch«ri    ooncretioDB   and   weathered   llmeitone, 

top  of  Burden  cot  1+  ft-  0  IbcImb 

35.  Limestone.  masslTe.  with  chert  la  layers 10      **    ft      " 

37.  LJmeBloiie  with  aumerous  chert  conGreUoaB..10      "    (t      " 

36,  Shaly  calcareous  layer  with  some  fouUs 3      "    6      " 

35,     LimeMone,  ihaly,  lull  of  peleoTpods t      "    0      ** 

34.     Shales,  A\tk  nd  and  blue  6      "    <      ** 

38,  Shales,  blulah   S      -    0      " 

U.    Blnlth  marl    1      -    •      ■■ 


07  Mnr  1-0 

»,    CwT»Trt W      "    • 

n.    8hsl«.  blnlsb.  and  MlcartcMS  nodalM. $      "    t 

tt.    HasslTv  IlBwstaB*,  two  larvn   I      *    t 
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24.  Llmeatone,  muelTe,  mottled  and  rougb 3 

25.  Llmestoiie  with  three  thick  Uyers  of  chert. . .  3 

it.  Covered  8 

21.  OIlTe  shales  2+ 

20.  Shale,  Tellow,  arenaceous 1 

IB.  LlmeatxHie,  massive,  chert  In  top 1 

15.  Limestone  with  large  chert  concretions 6 

17.  Limestone,  partUlly   efllclfled     and     carrying 

chert 1 

16.  Limestone  with  coarse  chert  concretions 4 

IE.  Limestone  full  of  small  chert  concretions G 


14.  Shales,    calcareous    and    Impure    limestones. 

Dtrbyai 8      ' 

15.  Clay  shales   9+  ■ 

12.    Shales,  rod  B+  " 

11.    Covered    15 

10.    Limestone,  rough,  massive 3      " 


8.  Limestone,    fosslllferons    1  " 

7.  Covered    E  " 

6.  Limestone,  sprinsy  slope  beneath.  (S.  of  Cam- 

brtdge  quarry)    2±  " 

S.  Covered  34 

4.  Shales,  blue,  slaty,  calcareous.  In  quarry 4  " 

3.  Umesttme,  hard,  massive,  fosslllferous 0  " 

2.  LlmestMie,  massive,  hard  2 

1.  Covered  to  creek  bed  41  " 


Total 


..ZG4      ft  3  Ii 


Numbers  2  and  3  are  exposed  in  the  quarry  west  of 
Cambridge.  Lithologically  the  stone  of  this  quarry  is  strik- 
ingly like  numbers  27  and  28  of  the  Beaumont  section,  which 
would  be  somewhat  above  number  25  of  the  Grand  Summit . 
section.  However  Prosser  is  of  the  opinion  that  the  rock 
-  io  the  Cambridge  quarry  is  identical  with  number  25  of  the 
Grand  Summit  section.*  On  the  whole  the  Grand  Summit 
section  and  the  Cambridge  to  Burden  section  are  to  be  con- 
sidered as  continuous.  Whether  or  not  numbers  2  and  3 
of  the  Cambridge  section  are  the  same  as  number  25  of  the 
f^rand  Summit  section  is  a  matter  of  minor  importance  to 
the  consideration  of  the  sections  as  a  whole.  Numbers  15 
to  24  represent  the  Wreford  limestone  with  a  thickness  of 
I.  p.  IM.    This  limestone  he  correlated  with  the 
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35  feet  6  inches.  Numbers  25  to  36  represent  the  Matfield 
formation  with  a  thickness  of  59  feet,  while  numbers  37  to 
39  are  the  Florence  flint,  22  feet  of  which  is  exposed. 

Adams  ran  a  generalized  section  over  this  same  railroHd 
from  Grenola  to  Grand  Summit  and  Burden.  However  the 
only  section  he  gives  is  that  of  plate  ix  which  appears  to  be 
entirely  generalized.*  He  correctly  states  that  Burden  ir 
higher  geologically  than  Grand  Summit.  However  he  repre- 
sents the  dip  to  the  west  as  being  much  less  than  the  slo|>e 
while  in  fact  it  is  about  as  steep  as  the  railroad  grade.  In 
other  words  he  represents  almost  all  of  the  Burden  section 
as  being  a  repetition  of  the  Grand  Summit  section  while  as  a 
matter  of  fact  none  of  the  rocks  are  repeated.  He  also 
shows  the  same  layer  of  limestone  appearing  in  the  escarp- 
ment east  of  Grand  Summit,  at  Grouse  creek.  Little  Cedar 
creek  and  the  Walnut  river  at  Winfield,  while  the  writer 
finds  the  rocks  occurring  in  the  latter  place  (Fort  Riley 
limestone  are  stratigraphically  above  those  at  the  top  of 
the  grade  at  Burden.  It  is  possible,  however,  that  his  whole 
section  is  but  a  generalization  and  the  plate  merely  illus- 
trates that  the  rocks  dip  to  the  west  in  a  general  way  with 
no  attempt  to  represent  it  accurately,  or  show  the  relation 
of  the  strata. 

According  to  Adams  the  dip  is  10  feet  to  the  mile  to  the 
west.  Cambridge  is  five  miles  west  and  four  miles  south  of 
Grand  Summit,  and  the  difference  of  elevation  between  the 
two  places  is  193  feet,*  but  the  difference  in  altitude  between 
nuaiter  27  of  Prosser's  section  and  the  quarry  at  Cambridge 
is  given  as  145  feet  making  the  dip,  as  given  by  Prosser,  16 
feet  per  mile  to  the  south  west.  However,  the  dip  is  prob- 
ably more  to  west  than  to  the  southwest,  so  that  it  would  be 
greater  in  a  westerly  direction  than  is  shown  between  Grand 
Si'mmit  and  Cambridge. 

The  first  account  of  the  Grand  Summit  section  was  pub- 
lished by  Broadhead  in  1883  or  1884.*  This  paper  was  a 
generalized  one  and  is  amply  discussed  by  Prosser.'      Broad- 
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hfad  considered  number  1 1  of  his  section  as  Permian.  This 
corresponds  to  number  5  of  Prosser's  section  and  is  consid- 
erably below  the  base  of  our  section.  At  the  time  Prosser's 
paper  was  written  the  Cottonwood  limestone  was  considered 
the  base  of  the  Permian.  He  correlated  number  17  of  his 
section,  provisionally,  as  the  Cottonwood  limestone  and 
number  18  as  the  base  of  the  Permian.  This  is  still  below 
the  base  of  our  section. 

Unless  one  has  seen  the  section  at  Beaumont  or  the  one 
from  Torrence  to  Burden  it  would  be  difficult  to  get  the 
proper  understanding  of  the  Grand  Summit  section.  Broad- 
head,  Adams  and  Prosser  ran  sections  over  the  Grand  Sum- 
mit ridge,  but  Adams  alone  studied  the  section  from  Cam- 
bridge to  Burden,  and  should  have  given  it  the  proper  inter- 
pretation. They  considered  the  ridge  on  which  Grand  Sum- 
mit is  located  as  the  "Flint  Hills"  escarpment  and  its  rocks 
the  equivalent  of  those  found  occupying  a  similar  position 
farther  north.  Several  facts  contributed  to  this  error.  In 
the  first  place  the  limestones  of  the  Garrison  formation  have 
become  more  conspicuous  and  misleading  in  this  region  and,, 
secondly,  the  opposition  of  the  heads  of  rather  large  streams 
on  either  side  of  the  escarpment  has  tended  to  increase  the 
hight  of  its  eastern  face  and  at  the  same  time  has  removed 
the  upper  strata  completely.  At  Grand  Summit  the  thick 
limestone,  by  the  upper  cut,  weathers  strikingly  like  the  less 
cherty  portions  of  the  Wreford  limestone.  This  limestone 
is  represented  in  number  28  of  Prosser's  section  near  the  top 
of  number  i  of  Broadhead,  and  is  number  25  of  our  section. 
Number  28  of  Prosser,  the  fossiliferous  layer,  was  supposed 
to  be  the  fossiliferous  horizon  in  the  middle  of  the  Wreford 
limestone,  as  at  Council  Grove  and  some  other  localities. 
Number  28  of  Prosser's  section  is  equivalent  to  number  29 
of  ours.  *  Numbers  27  and  20  of  his  are  the  same  as  numbers 
25  and  I  of  ours,  respectively. 

From  what  has  preceded  it  will  be  clear  that  the  heavy 
limestone  by  the  last  cut  at  Grand  Summit  is  not  the  Wreford 
limestone  but  is  stratigraphically  at  least  90  feet  below  it,  as 
are  the  quarries  at  Cambridge.  This  change  in*  the  inter- 
pretation of  the  stratigraphy  is  very  important  to  the  paleon- 
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tologist  as  it  places  the  great  fossil  horizon  at  Grand  Summit 
in  the  Garrison  formation  instead  of  in  the  Permian. 

The  horizon  of  the  Cottonwood  limestone  can  not  be 
located  with  certainty,  but  it  may  be  near  number  9  of  our 
.section. 

The  appearance  of  the  exposure  of  the  lower  Wreford 
limestone  in  the  cut  east  of  Dexter,  Cowley  county,  is  typical 
-of  its  southern  extension,  showing  well  the  imperfectly  silici- 
fied  limestone,  "sandstones"  of  the  inhabitants,  and  heavy 
chert  layers.  In  this  region  local  structure  becomes  a  factor 
in  studying  the  stratigraphy  of  these  rocks.  The  writer 
"hopes  to  be  able  to  complete  the  study  of  the  stratigraphy 
of  his  county  the  coming  season.  In  the  mean  time,  how- 
ever, it  is  well  to  correct  the  section  of  the  bluffs  north  of 
Arkansas  City,  measured  by  Beede  in  the  summer  of  1S96. 
This  section  was  measured  in  the  evening  at  a  bad  exposure 
-and  further  study  of  better  exposures  gives  the  following  sec- 
tion.    The  first  section  was  published  by  Prosser,* 

SECTION  OF  BLUFF  NORTH  OF  ARKANSAS  CITY. 

12.    Limestone,  foastlUerouB,  porouB    10      n.  0  Inchea 

11.    Shales,  yellow  calcareous  2      "    8      " 

10.    LimeBtone,  rotten  clayey    S      "    0      " 

9.    Yellow  Bbales  2      "    0      " 

8.    Covered    2      "    0      " 

7.    Llmestoae    1      "    8      " 

■-6.    Shale,  yellow  5      "    0      " 

5.    Shale,  blue  and  green  IB     "    0     " 

4.     Umestose    0      "    4      " 

3.    Covered    7      "    0 

'2.    Llmestmie  1±  "    0      " 

1.    Covered  to  level  of  bottom  laod 10     "    0     " 


Total 59     ILO  Inches 

Prossert  was  inclined  to  refer  this  section  to  the  Marion 
formation  and  the  exposure  on  the  opposite  side  of  the  Wal- 
nut river,  east  of  the  Santa  Fe  depot,  to  the  Winfield  forma- 
tion. However,  in  the  light  of  the  better  section  and  the 
"concretions  on  the  ground,  on  the  bluffs  north  of  the  city, 
it  serms  seems  probable  that  number  6  of  this  section  is  the 
I.  cl^  p,  IT4. 
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Winfield  limestone  and  that  the  remainder  should  be  assigned 
to  the  Doyle  shales  while  the  limestone  easfof  the  Walnut 
probably  represents  the  Fort  Riley  limestone.  However  this 
is  merely  a  guess  and  the  stratigraphy  will  have  to  be  worked 
out  before  the  matter  can  be  settled  definitely. 

CONCLUSION. 

From  what  has  preceded  it  will  be  seen  that  the  strata 
of  the  lower  Permian  are  remarkably  persistent  and  uniform 
when  the  great  extent  of  tfie  outcrop  is  considered.  The 
Cottonwood  limestone,  though  only  about  six  feet  thick  per- 
sists with  every  detail  of  structure  and  fauna  over  one-hun- 
dred miles  of  strike  and  several  times  as  great  an  outcrop^ 
though  it  has  not  been  identified  with  certainty  in  the  south- 
em  part  of  the  state.  The  Garrison  formation  extends  en- 
tirely  across  the  state  with  but  slight  modifications  in  the 
southern  part,  such  as  the  thickening  of  some  of  its  lime- 
stones and  the  possible  interpolation  of  others.  The  Wre- 
ford  limestone  is  remarkably  uniform  throughout  the  entire 
distance  from  Nebraska  to  the  southern  line  of  Kansas,  be- 
ing  mo^t  highly  developed  in  the  central  part  of  its  outcrop- 
in  the  region  of  Cottonwood  Falls.  In  the  Matfield  shales 
about  the  only  change  worthy  of  special  notice  is  the  thick- 
ening of  a  layer  of  limestone  and  the  coming  in  of  an  ad- 
ditional one  in  the  southern  part  of  its  outcrop.  There  are 
no  striking  changes  in  the  Florence  flint  aside  from  a  slight 
fluctuation  in  its  thickness,  being  somewhat  thicker  in  the 
central  and  southern  regions. 

Three  maps  have  been  published  which  show  either  in 
part,  or  in  a  general  way  the  whole  outcrop  of  the  Wreford 
limestone  and  associated  strata  in  Kansas.  The  first  was 
published  by  Beede*  and  shows  the  outcrop,  in  a  general  way 
of  the  Cottonwood  formation,  Neosho,  Chase  and  Marion 
stages  in  the  region  north  of  the  Kansas  river.  The  line  be- 
tween the  Neosho  and  Chase  stages  is  the  line  of  outcrop 
of  the  Wreford  limestone. 

The  second  was  published  by  George  I.  Adams  in  an 
article  entitled  "Physiographic  divisions  of  Kansast  and 
shows  in  a  very  general  way  the  location  of  the  "Flint  Hills 

•Kans.  Univ.   Qu^rt..   \x,  pi.   xliii.  1900. 


THK    .■•iVT'    •"■    I'HK   OCTCBOI*  OF  THK    WRBFORD   UMB- 
STOVK  TN  CAX84H. 


Stratigraphy  of  Kansas  Permian^Beede  and  SeJlards.  ill 

Escarpment''  in  Kansas.  The  map  of  Kansas  is  a  little  less 
than  three  inches  by  six  in  his  article.  The  location  of  the 
escarpment  north  of  the  Kansas  river  was  taken  from 
Beede's  map. 

The  third  of  these  maps  is  to  be  found  in  the  Cotton- 
wood Falls  folio  of  the  U.  S.  Geological  Survey.*  This  map 
shows  the  details  of  the  stratigraphy  of  the  rocks  within  its 
area  discussed  in  this  article,  and  to  it  the  reader  is  referred 
for  an  idea  of  the  intricate  nature  of  much  of  the  outcrop  of 
the  Wreford  limestone. 

The  data  of  the  first  and  last  maps  mentioned  were  used 
freely  in  constructing  the  accompanying  map,  on  which  is 
shown  the  outcrop  of  the  Wreford  liniestone.  The  line  be- 
tween Eskridge  and  Junction  City  is  hypothetical  a  part  of 
the  way,  as  it  is  locally,  though  always  in  very  much  shorter 
distances,  in  a  few  other  places.  The  width  of  the  stream- 
etched  portions  of  the  escarpment  is  purposely  enlarged  for 
the  sake  of  clearness.  Southern  Cowley  county  has  not  yet 
been  mapped. 

t  Tranff.    Kane.    Acad.   8cl.,   xvill,   1908. 

:  Cottonwood  Falls  Folio,  U.  8.  Oeol.  Siirv.  Atlas,  number  109,  Pros- 
per and  Beede,  1904. 
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Soon  after  passing  the  southern  boundary  of -Colorado 
the  Rocky  mountains  rapidly  dwindle  and  disappear  as  a 
pitching  anticline  beneath  the  plains  of  the  Mexican  table- 
land. In  this  limited  New  Mexican  area  the  Archaean,  or 
Azoic,  rocks  form  the  cores  of  several  of  the  principal  ranges. 
The  last  exposure  of  the  fundamental  complex  is  in  the 
Apache  canyon,  which  the  Atchison,  Topeka  and  Santa  Fe 
railway  makes  use  of  in  crossing  the  mountains.  South  of 
this  locality  the  only  exposures  of  ancient  crystallines  are 
in  the  great  fault-scarps  of  the  block  mountains,  which  rise 
out  of  the  plains,  forming  the  general  surface  of  the  Mexican 
tableland  and  the  New  Mexican  portion  of  the  Higli  Plateau 
region. 

During  recent  years  many  facts  have  been  brought  to 
light  which  have  very  radically  modified  opinion  regarding 
the  great  crystalline  basement  underlying  all  the  Paleozoic 
sequence  in  New  Mexico.  Most  of  the  extensive  formations 
composed  of  granites,  schists,  and  gneisses  which  form  the 
axial  foundations  of  so  many  of  the  mountain  ranges  of  the 
region  are  now  believed  to  be  of  much  later  geological  age 
than  is  generally  understood  to  be  covered  by  the  title, 
Azoic  or  Archaean. 

In  summing  up  our  knowledge  on  the  subject,  a  decade 
ago,  in  his  paper,  the  Pre-Cambrian  Rocks  of  North  Amer- 
ica, Van  Hise*  remarked; 

"It  ie  evident  from  the  literature  that  Id  western  New  Hexloo 
and  In  the  malor  part  of  Aiisona  Is  a  tundamental,  thoroughly  CI7>- 
talllne  complex,  consisting  of  most  Intricately  mingled  and  folded 
gmnites,  gneisses,  micaceous  and  hornblendlc  echlsts,  etc.,  precisely 
as  In  Ihe  previous  aectfons  concerned  with  the  Rocky  monntaln 
system.  This  complex  occurs  at  many  points.  consUtntea  the  axes 
of  many  ranges,  and  Its  structure  is  of  so  Intrtcate  a  eliancter  that 
no  attempt  has  been  made  to  estimate  Ita  tUckneM  or  to  mnk  oat 
its  strurturi'.  alihough  Id  general  (he  laminated  rocks  have  been 
referred  to  as  niptamorphlc.  The  graalle  In  this  complex  plays  the 
same  part  with  reference  la  the  cryslalllDe  schists  as  Id  the  other 
areas  referred  to.  Besides  this  ancient  granite,  which  existed  be- 
fore the  next  newer  eeries  of  rocks  was  fonned,  there  16  apparently 
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iB  cerUln  areas  granites  of  later  age,  and  tbese  are  more  plentiful 
aa  the  weetem  part  of  Aricona  Is  reached." 

In  the  light  of  the  recent  discoveries  that  in  some  of 
the  mountain  ranges  of  New  Mexico  portions  at  least  of  the 
crystalline  foundation  are  of  clastic  origin,  it  becomes  neces- 
sary to  devise  criteria  by  which  the  crystallines  of  the  fun- 
damental complex  (Archaean)  may  be  separated  from  those 
that  have  a  sedimentary  origin.  Until  the  application  of 
-  these  criteria  to  every  mountain  range  is  made,  no  general 
deductions  can  be  drawn  concerning  the  exact  ages  of  the 
different  crystalline  formations.  The  reasons  for  this  state- 
ment are  obvious  from  even  a  casual  examination  of  the 
basal  crystallines  in  New  Mexico.  It  is  known  that  in  all 
of  the  New  Mexican  mountains  where  the  crystalline  base- 
ment is  open  to  view  a  marked  unconformity  exists  at  the 
base  of  the  fossiliferous  sequence.  The  late  Carboniferous 
limestones  generally  rest  directly  upon  the  granites,  gneisses 
and  schists,  the  foliation  of  which  is  more  or  less  steeply  in- 
clined or  even  vertical. 

That  the  erosion  interval  represented  by  the  uncon- 
foiiTiiiy  was  very  long  is  quite  evident.  In  southern  New 
Mexico  the  early  Carboniferous  limestone*:  begin  to  make 
Iheir  appearance.  Then  come  Devonian  beds,  Silurian  or 
Ordovician,  and  finally  what  appear  to  be  Cambrian.  A 
horizon  of  great  unconformity  persists  under  all  the  Pale- 
ozotcs. 

Something  of  real  significance  of  the  old  erosion  plain 
becomes  manifest  by  reference  to  the  geological  section  dis- 
played in  the  Grand  Canyon  of  northwestern  Arizona  to- 
wards the  western  border  of  the  High  Plateau  region.  The 
atithor*  just  quoted  describes  the  following  general  condi- 
tions : 

"The  Tonto  aandslon'^  of  the  Grand  Canyon  region,  called  by 
Powell  and  Riiberl  Silurian  In  Hccordance  with  Ihe  nomenclature  of 
the  time,  by  present  classlficHilOD  <h  to  be  placed  as  Upper  Cam- 
brian. The  great  unconformity  which  Heparates  this  aandatone  from 
the  earlier  series  makes  it  very  probable  that  the  latter  are  pre- 
Cambrlan.  These  inferior  series  in  descending  order  are  the  Chuar, 
Qrand  Canyon,  Vishnu  series  (together  the  equivalents  of  Powell's 
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Grand  canron  group),  and  the  basal  complos.  The  npper  aeries 
consists  of  shales  and  IlmeHtones.  Below  this,  with  an  erosion  In- 
terval, la  the  Becond,  consisting  of  sandstones,  with  interbedded  and 
catting  basic  eruptlves.  Inferior  to  this  series,  and  separated  hj 
m  great  unconformity,  is  a  set  of  tUnly  bedded  and  nearly  vertical 
quartxltes  of  undetermined  thickness,  broken  by  intrusive  mssses 
of  granite.  These  three  are  clearly  clastic  series.  The  basal  com- 
plex aa  described  by  Powell  and  Gilbert  consists  of  thoroughly  crys- 
talline homblendlc  and  micaceous  schists,  gneisses,  and  granites, 
like  the  fundamental  complex  of  the  remainder  of  New  Mexico  and 
ArUona.  Between  this  baaal  complex  and  the  Vlshnn  series,  as 
shown  by .  Powell,  la  a  vast  unconformity.  We  have  then  in  this 
region  passing  from  the  base  tipward.  a  fundamental  complex; 
great  unconformity;  quartette  series  of  unknown  thickness  (Vish- 
nu): great  unconformity;  Grand  Canyon  series;  minor  unconform- 
ity; Chuar  series;  great  unconformity:  Cambrian." 

There  are  then  recognizable  in  the  Grand  Canyon  part 
of  the  region  at  least  four  great  unconformities  in  the  space 
between  the  undoubted  fundamental  complex  of  Archaean 
age  and  the  Cambrian  sandstones.  Each  of  these  four  un- 
conformities represents  a  long  period  of  lime  when  the  rocks 
were  elevated  above  the  sea,  flexed  and  then  subjected  to 
enormous  denudation.  Powell*  has  estimated  that  in  the 
case  of  the  latest  of  the  intervals  mentioned  which  is  repre- 
sented at  the  base  of  the  Cambrian  sandstones,  at  least 
lo.ooo  feet  of  beds  were  bowed  up.  contorted  and  eroded  in 
such  a  manner  as  to  leave  but  fragments  in  the  synclinals. 

Each  of  the  great  unconformities  represents  similar  con- 
ditions. In  New  Mexico  these  four  periods  of  enormous 
erosion  were  probably  superimposed.  The  elastics  of  the 
ProteroJToic  must  have  suffered  tremendously.  Over  very 
large  areas  every  vestige  must  have  been  removed.  In  all 
likelihood  only  scattered  remnants  remained.  Thus  in  ad- 
joining mountain  ranges  the  crystalline  basement  may  be  of 
Archtean  age  in  the  one  case,  while  in  the  other  it  may  be 
Protero3«ik, 

The  differentiation  of  the  fun<1aiticntal  Azoic  complex 
from  tlie  Proterozoic  crystallines  must  real  upon  the  appli- 
cation of  some  sucli  sclicmr  of  critical  criteria  as  has  been 
so  successfully  formiil/Uid  in  the  Lake  Superior  rcpion. 

While  there  is  a^;  yet  inn.!h  niicerta|iri|^U^rding  the  j 
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position  and  geological  age  of  the  basal  crystallines  in  many 
of  the  different  mountain  ranges  there  are  some  instances  in 
which  there  exists  but  small  doubt  as  to  their  Azoic  posi- 
tion. The  general  proofs  are  in  a  measure  comparative. 
They  are  the  relative  amount  of  metamorphism  evidenced, 
the  character  of  the  deformation  apparent,  the  difference  in 
petrographical  features,  the  geological  relationships,  the  ab- 
sence of  all  evidences  of  clastic  origin,  and  a  comparison 
with  similar  features  of  known  areas  in  other  parts  of  the 
country. 

The  literature  relating  to  New  Mexican  Azoic  forma- 
tions refers  all  the  basal  crystallines  to  the  Archaean.  Lit- 
tle of  definite  value  therefore  can  be  gleaned  grom  the  wide- 
ly sca'ttered  published  descriptions  of  local  phenomena.  The 
tirst  suggestion  that  any  portion  of  the  ancient  crystallines 
occurring  .within  the  boundaries  of  New  Mexico  were  any 
other  than  of  Archaean  age  is  believed  to  be  a  recent  state- 
ment regarding  the  significance  of  the  recent  identificatioa 
of  certain  "quartz- reefs"  in  the  Sandia  mountains  as  highly 
metamorphosed  sandstones.* 

The  present  surface  exposure  of  the  great  crystalline 
basement  underlying  all  the  fossilferous  strata  in  New  Mex- 
ico is  relatively  small.  Aside  from  the  area  in  the  south- 
em  Rocky  mountains  in  the  northern  part  of  New  Mexico 
the  exposures  of  pre-Cambrian  rocks  are  confined  almost  to 
linear  outcrops  found  along  the  immense  fault-scarps  of  the 
block  mountains.  Some  of  these  outcropping  faces  indicate 
that  the  rocks  are  of  undoubte'd  Azoic  or  Archaean  age, 
while  others  are  manifestly  of  clastic  nature  and  thus  belong 
to  the  Proterozoic. 

In  order  to  understand  more  fully  this  apparent  anoma- 
lous distribution  it  is  necessary  to  refer  to  some  of  the  gen- 
eral condftions  prevailing  in  neighboring  states  that  the 
geological  history  discloses.  The  conception  is  that  the 
upper  surface  of  the  ancient  crystalline  basement  in  this 
region  represents  an  old  peneplane  on  which,  when  submer- 
gence took  place  in  Proterozoic  times,  an  enormous  thick- 
rtcss  of  sedimentaries  was  laid  down.  This  whole  country, 
sHll  in  pre-Cambrian  times,  was  folded  up  into  mountain 
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ranges,  not  once,  but  repeatedly.  Finally  before  the  Cam- 
brian strata  of  the  region  were  deposited  the  entire  country, 
Already  profoundly  folded,  faulted  and  cut  frequently  by  io- 
trusives  was  planed  down  to  a  prodigious  extent.  On  this 
new  peneplane  only  isolated  patches  of  the  clastic  rocks  of 
Proterozoic  age  survived — only  those  portions  caught  in  the 
lowest  parts  of  complex  troughs,  the  bottom  of  syncttaoria. 
These  remnants  of  the  Proterozoic  sedimentaries  now  ap- 
pear so  intensely  metomorphosed  that  they  have  until  quite 
recently  entirely  escaped  notice.  At  best  it  is  only  with 
the  greatest  difficulty  that  the  rocks  of  the  two  great  ages 
can  be  differentiated. 

In  many  of  the  mountain  ranges  the  crystalline  base- 
ment is  composed  partially  or  entirely  of  gray  or  red  gran- 
ites which  show  little  or  no  evidences  of  shearing  or  sub- 
jection to  great  oroganic  pressure.  It  has  been  customary  to 
regard  these  masses  as  composed  of  Archaean  granite.  Now 
granites  of  this  description,  practically  unaltered,  are  known 
to  traverse  or  be  intimately  associated  with  the  undoubted 
Proterozoic  crystallines.  On  the  principles  involved  in  the 
separation  of  unfossiliferous  geological  formations  accord- 
ing to  the  relative  amount  of  deformation  and  comparative 
degree  of  metamorphism.  these  unaltered  granitic  masses 
are  tentatively  referred  to  the  Proterozoic,  though  for  con- 
venience in  treatment  some  of  them  probably  have  to  be 
considered  for  the  present  in  connection  with  the  other 
rock-masses  in  which  they  occur. 

At  some  risk,  perhaps,  in  the  present  state  of  our 
knowledge,  of  swinging  too  far  in  the  direction  opposite  to 
that  heretofore  generally  accepted,  it  seems  most  advan- 
tageous to  proceed  on  this  hypothesis.  In  support  of  this 
position  there  are  many  other  reasons  which  should  be  fuUy 
discussed  in  connection  with  the  detailed  descripltcms  of  the 
Proterozoic  crystallines.  For  the  present  only  those  crys- 
talline rock-masses  will  be  considered  as  belonging  !r.  the 
ArdiEean  fundamental  complex,'  ihat  consist  of  much 
sheared  granites,  criiniipleil  lmicisscs  and  achistoRc  rocks  not 
associated  with  tiii.V 

Probably  the  n^  c  lack  of  definite  and 

discriminalini;     infir  .\g     the     (vre'lIamibHaiV 
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rocks  of  southwestern  United  States  has  been  the  compara- 
tively limited  exposures.  Another  factor  has  been  that  the 
examination  of  the  formations  has  been  an  incidental  object 
in  connection  with  hurried  expeditions  undertaken  for  other 
than  geological  purposes.  In  New  Mexico  the  exposures  of 
the  pre-Cambrian  crystalline  basement  are  for  the  most  part 
linear  in  character.  There  are  in  this  region  a  score  of 
prominent  mountain  ranges  in  which  the  basal  crystallines 
are  exposed  to  view.  At  least  in  half  of  this  number  the 
rocks  are  with  but  small  doubt  of  Azoic  age.  Several 
ranges  present  crystallines  which  are  of  undoubted  clastic 
origin.  In  the  remainder  the  age  of  the  crystallines  is  not 
definitely  known. 

Most  of  the  ranges  will  have  to  be  studied  anew  in  the 
light  of  the  more  modern  conceptions  rendering  possible  the 
differentiation  of  the  old  crystallines  into  well  defined  geo- 
logical formations.  In  the  southern  Rockies,  which  extend 
down  from  Colorado  less  than  a  third  of  the  distance  to 
the  southern  boundary  of  New  Mexico,  there  are  four  targe 
areas  of  basal  crystallines  all  of  which,  until  undoubted 
elastics  are  discovered  in  them,  may  be  considered  as  com- 
posed of  Azoic  formations.  As  a  whole  the  ranges  which 
collectively  go  to  make  up  the  southern  extremity  of  the 
Rockies  are  generally  known  as  the  Snowy  mountains  or  the 
Sangfe  de  Cristo  ranges.  As  the  four  areas  of  Azoic  rocks 
mentioned  are  more  or  less  distinctly  separated  from  one  an- 
other, they  will  be  here  taken  up  briefly  in  turn. 

The  largest  and  most  important  area  of  ancient  crystal- 
lines occurring  in  Ne*  Mexico  is  the  one  entering  from  the 
north  from  Colorado.  Comprised  within  the  area  are  the 
two  important  ranges,  Culebra,  and  Taos,  which  are  almost 
yrbolly  made  up  of  old  crystallines.  The  principal  rocks  are 
hornblendic  schists,  biotitic  schists,  gneisses,  gneissoid  gran- 
ites and  coarse-grained  unmodified  granites.  Stevenson* 
frequently  mentions  in  this  and  neighboring  districts  the 
CMStence  of  beds  of  quartzite  in  the  granitic  and  gneissic 
Whether  or  not  all  of  these  "beds"  are  really  quartz- 
nclasttcs  cannot  now  be  told.  From  what  is  personally 
a  of  the  character  of  the  rocks  generally  in  this  region 
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it  is  not  believed  that  any  of  them  are  of  clastic  origin. 
Some  of  them  are  certainly  aplitic ;  and  others  are  known  to 
be  quartz-veins  inclined  at  low  angles. 

According  to  the  writer  just  mentioned,  the  rocks  im- 
mediately north  of  the  boundary  line  in  Colorado  are  pre- 
dominantly hornblendic  schists,  though  there  are  some  mica 
schists  present.  These  schists  occupy  the  middle  and  high- 
est portions  of  the  axis.  On  the  east  side  of  the  range 
gneisses  and  gneissoid  granites  prevail,  together  with  some 
mita  schists.  A  coarse-grained  granite  is  also  frequently 
met  with. 

Southward,  within  the  limits  of  New  Mexico,  the  horn- 
blendic schists  become  less  and  less  prominent.  At  the 
boundary  line  the  Azoic  belt  is  not  more  than  6  or  7  miles 
in  width,  but  within  a  short  distance  it  rapidly  broadens  out 
to  20  miles.  The  prevailing  rocks  are  dark  and  light  colored 
gneisses,  some  bands  of  the  latter  very  closely  resembling 
beds  of  quartzite.  Occasionally  bodies  of  coarse-grained 
granites  are  met  with. 

Bordering  the  front  of  the  Rockies,  from  a  point  near 
the  northern  boundary  of  New  Mexico  and  extending  south- 
ward a  distance  of  over  30  miles,  is  a  rugged  ridge  known 
as  the  Cimarron  range.  These  mountains  are  composed 
largely  of  Tertiary  eruptives.  Where  the  range  is  deeply 
cut  by  canyons  which  traverse  it,  as  for  example  on  the 
Rayado.  tlie  Cimarron,  and  several  branches  of  the  Vermejo, 
Azoic  rocks  are  disclosed  beneath  the  spread-out  eruptives. 
These  old  crystallines  are  chiefly  light  colored  micaceous 
schists  and  dark  hued  fine-grained  gneisses.  Occasionally 
these  rocks  are  broken  through  by  coarse-grained  red 
granites. 

Tn  the  southern  part  of  the  range  the  base  of  crystal- 
lines is  covered  by  basalt  flows  from  the  great  Ocate  crater, 
which  rises  out  of  the  plains  a  few  miles  to  the  southeast- 
war  il. 

he  arcal  distribution  and  the  structural  relationships 
(if  the  Azoic  basement  in  the  soathern  part  of  the  Cimarron 
range  are  at  present  somewhat  ^Mcure.  The  apparent  irre- 
gulariliei;  in  the  distribution  c^^gg/gctg  is  probably  due 
largely  to  the  PwaCMftol  iM^HHMttMi  extend-s  in  a. 
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northwesterly  and  southeasterly  direction  throi^h  the 
Turkey  mountains.  The  genesis  of  this  arch  is  probably  of 
quite  recent  date.  It  crosses  the  great  fault  that  runs  along 
the  eastern  front  of  the  Rockies  which  late  erosion  has 
greatly  obscured  at  this  point. 

The  Azoic  core  of  the  Las  Vegas  and  Mora  ranges 
forms  a  narrow  belt  which  begins  a  few  miles  north  of  the 
crossing  of  the  Pecos  river  by  the  Atchison,  Topeka  and 
Santa  Fe  railroad  and  extends  northward  a  distance  of  65 
miles.  It  is  bordered  on  each  side  by  wide  belts  of  Carboni- 
ferous limestone.  The  most  prominent  peak  is  Solitario, 
which  rises  to  a  hight  of  10,260  feet  above  sea-level. 

At  the  northern  extremity,  the  rocks  appear  to  be  al- 
most entirely  hornblende  schists.  A  few  miles  to  the  south- 
ward light  colored  micaceous  schists  and  gneisses  are  the 
prevailing  rocks,  with  some  dark  colored  gneisses  occupy- 
ing the  central  portion  of  the  belt.  At  Mora  the  principal 
rock  is  a  gneissic  granite,  while  farther  on  appear  again  the 
micaceous  schists.  From  the  Cebolla  canyon  the  gneisses 
and  schists  appear  to  be  profoundly  affected  by  deformation 
agencies.  From  Solitario  peak  southward  the  predominant 
rock  is  a  coarse-grained  granite  with  occasional  bands  of 
gneiss. 

The  east  side  of  the  Rio  Grande  valley  in  northern  New 
Mexico  is  bordered  by  the  lofty  Santa  Fe  mountain  range, 
the  highest  peak  of  which,  known  as  Baldy,  is  12,660  feet 
above  the  sea-level.  The  central  axis  of  this  range  is  com- 
uosed  of  ancient  crystallines  bordered  on  each  side  by  Car- 
boniferous rocks.  The  crystalline  belt  is  50  miles  long,  by 
6  to  8  wide  in  the  broadest  place.  At  the  southern  end  in 
the  Apache  canyon  the  prevailing  rock  is  a  red  granite. 
Granite  bands  and  masses  appear  at  frequent  intervals  far- 
ther north  in  the  gneisses  and  micaceous  schists.  In  the 
Santa  Fe  canyon  there  occur  in  the  gneiss  bands  of  argilla- 
ceous slate.  Farther  north  the  rocks  present  similar  geolo- 
gical characters. 

Archjean  granites  are  reported  by  Stevenson  as  com- 
posing the  Placer  (Ortiz)  mountains,  20  miles  south  of  San- 
ta Fe.  No  granite  is  found  in  these  mountains.  The  rocks 
are  micaceous  and  augitic  andesites    of    laccolithic  origin. 
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and  probably  of  early  Tertiary  age.  The  same  is  true  of  the 
neighboring  Los  Cerrillos  hills,  the  Cerro  Pelon,  the  Tuertos 
group,  and  the  San  Ysidro. 

Thirty  miles  west  of  the  Rio  Grande,  and  about  the 
same  distance  north  of  the  city  of  Albuquerque  are  the  Na- 
cimiento  and  Jemez  mountains.  The  first  mentioned  of 
these  is  a  block  mountain  20  miles  long.  Along  the  great 
fault  scarp,  and  under  the  Carboniferous  limestones  form- 
ing the  backslope,  the  basal  crystallines  are  well  exposed. 
These  appear  to  be  chiefly  granites,  so  far  as  observation 
goes.  Their  age  is  as  yet  undetermined.  They  are  for  the 
present  referred  to  the  Azoic. 

Near  the  continental  divide  west  of  Albuquerque  is  lo- 
cated the  Zuni  dome,  its  top  eroded  off  down  to  the  crystal- 
line basement.  The  age  of  the  pre-Carboniferous  crystal- 
lines is  presumably  Azoic.  As  early  as  1856  Marcou*  men- 
tions a  belt  of  crystallines  in  the  heart  of  the  Zuni  range  12 
miles  wide,  consisting  of  reddish  granite,  gneiss  and  schist. 
Blake^  also  calls  attention  to  the  gneisses  and  granites  of 
this  district,  and  corroborates  Marcou's  observations.  In 
Dutton's^  account  of  the  Zuni  plateau  the  presence  of 
gneisses  or  schists  is  not  mentioned.  The  granites  are  call- 
ed Archcean.  If,  however,  the  observations  recorded  are 
correctly  interpreted  some  of  the  granites  are  certainly  of 
much  later  intrusion.  This  author  states  that  they  have 
metamorphosed  the  overlying  Carboniferous  limestones,  and 
calls  particular  attention  to  this  phenomenon  as  it  is  well 
displayed  in  Mt.  Sedgwick,  the  most  prominent  feature  in 
the  field. 

The  remarkable  mountain  blocks  known  as  Sierras  Os- 
cura  and  San  Andreas  are  over  100  miles  long  and  extend 
northward  from  the  Organ  mountains  north  of  El  Paso. 
The  fault-scarps  of  the  two  ridges  face  each  other  at  their 
proximate  oxtromities.  a  flat  valley  lying  between  the  two. 
Hcrrick*  mentions  the  granitic  character  of  the  crystallines 
beneath  the  the  Carboniferous  limestones,  which  dip  in  op- 
pt^site  directions  in  the  two  ranges.    The  age  and  iithologic 
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character  of  the  crystalline  basement  are  presumably  simi- 
lar to  those  of  the  Organ  mountains,  immediately  to  the 
south,  which  have  in  fact  a  genetic  relationship  to  the  San 
Andreas  range. 

While  properly  a  continuation  of  the  San  Andreas  and 
the  Franklin  mountains  to  the  south  the  Organs  belong  to  a 
distinct  block  which  has  been  elevated  much  more  than  any 
other  portion  of  the  long  ridge  to  which  they  belong.  In 
consequence  the  sedimentary  rocks  have  been  entirely  re- 
moved except  at  the  very  base  on  the  west  side. 

The  rocks  of  the  Organ  mountains  are  chiefly  red  and 
gray,  coarse-grained  granites.  Associated  with  these  are 
hornblendic  and  micaceous  schists,  which  are  traversed  by 
numerous  dikes,  which  are  quartzose,  dioritic  and  andesitic 
in  character.  Proterozoic  quartzites  and  clay  slates  are 
well  developed  a  few  miles  to  the  south,  in  Texas,  and  it 
is  probable  that  these  also  extend  into  New  Mexico.  Ac- 
cording to  Walcott  the  thickmess  of  the  pre-Cambrian 
clastic  section  is  over  3,000  feet. 

In  Perry's  notes*  on  the  geology  of  the  Mexican 
boundary  mention  is  made  of  the  granites  underlying  the 
Carboniferous  limestone  of  Franklin  mountain  north  of  El 
Pa^  and  in  the  Organ  mountains,  but  no  specific  refer- 
ence is  made  to  their  age.  G.  B.  Shumard^  passed  through 
the  Organ  mountains  in  1857  and  noted  on  the  east  side 
hornblende  and  mica  schists,  and  red  and  gray  granites, 
all  of  which  were  cut  by  dikes  of  quartz,  greenstone  and 
porphyry. 

Thirty  miles  west  of  the  San  Andreas  range  the  Ca- 
ballos  mountains  rise  abruptly  above  the  Rio  Grande  valley. 
These  form  a  block  mountain  in  which  the  crystalline  base- 
ment is  exposed  for  a  vertical  distance  of  1,500  feet.  Biotitic 
schists,  gray  crumpled  gneisses,  and  granites  form  the 
principal  rocks.  The  granites  are  of  two  principal  kinds. 
One,  which  is  more  closely  identified  with  the  gneisses,  is 
gray,  rather  fine-grained  and  contains  a  large  amount  of 
quartz.  The  other  is  a  coarse-grained,  red  granite,  which 
appears  to  be  a  late  intrusive,  though  it  does  not  penetrate 
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the  overlying  Carboniferous  limestones.  So  far  as  has  been 
observed  there  are  no  evidences  of  the  existence  of  clastic 
rocks  associated  with  these  gneisses. 

In  the  Santa  Rita  mountains,  in  Grant  county,  the  basal 
crystallines  underlying  the  Paleozoic  limestones  are  com- 
posed chiefly  of  schists.  The  exposures  are  small,  and  lit- 
tle detailed  information  on  the  subject  is  at  present  avail- 
able. 

The  great  Mogollon  uplift  in  western  New  Mtexico  ap- 
pears to  have  an  extensive  foundation  of  ancient  crystal- 
lines. The  region  is  so  covered  by  late  eruptives  that  most 
of  the  former  exposures  are  covered  up.  The  same  *con- 
ditions  prevail  in  the  neighboring  parts  of  Arizona. 
Reagan*  appears  to  have  found  evidences  of  the  presence 
ol  both  Archaean  and  Proterozoic  formations.  The  rocks 
of  Azoic  age  consist  of  micaceous,  talcose,  chloritic,  and 
hornblendic  schists,  and  some  granites. 
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The    Two    Islands,    and    what    came    of    them.     Thomas    Condow. 

pp.  211,  pis.  30.     Portland,  Oregon,  J.  K.  Gill  Company,  1902^ 
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While  the  author  of  this  volume  attempts  to  supply  a  popular 
rather  than  a  scientific  want,  yet  the  treatment  of  the  geology  of 
Oregon  is  thoroughly  scientific.  The  author  is  a  well  known  geolo- 
gist who  has  alone  represented  Oregon  in  geological  work  and 
geological  literature  for  a  life-time.  In  his  declining  years  he  has 
gathered  together  the  leading  facts,  discovered  mainly  by  himself^ 
and  has  in  this  book  preserved  them  to  science,  and.  to  the  credit 
of  his  own  labors.  He  has  a  large  collection  of  Oregon  vertebrate 
fossils,  and  he  has  supplied  others  to  eastern  paleontologists.  The 
writer  has  known  of  his  vigorous  activity  since  the  days  of  his 
earliest  geological  work. 

The  two  islands  described  are  named  Shoshone  and  Siskiyou, 
the  former  in  the  northeastern  part  of  the  state,,  in  the  region  of 
the  Blue  mountains  and  the  latter  in  the  southwestern  comer,  ex- 
tending into  northern  California,  occupying  what  is  now  the  Sis- 


*  American     GeoIosi8t,    vol.    xxxii,  pp.  187-306,  IMI. 


Review  of  Recent  Geological  Literature,  12^ 

kiyou  mountain  region.  The  author  traces  the  development  of  these 
islands  into  Oregon,  and  notes  the  changes  of  animal  life  as  the 
development  progresses.  These  islands  each  had  a  nucleus  as  early 
as  the  Triassic;  they  expanded  through  the  Jurassic  and  had  con- 
tinuous increase  in  area  through  the  Cretaceous. 

The  Cretaceous  was  closed  by  an  important  geologic  and  geo- 
graphic event,  the  upfold  of  a  colossal  sea  dyke*  This  dylBB  grew 
into  the  Cascade  and  Sierra  Nevada  range.  It  separated  these- 
islands,  the  Shoshone  being  enclosed  on  the  east  and  thence  for- 
ward associated  with  fresh  water,  and  the  Siskiyou  on  the  west  left 
still  subject  to  marine  conditions.  This  gave  the  islands  different 
life  histories,  that  of  the  Shoshone  being  characterized  by  land 
animals  whose  remains  were  washed  into  the  lake  in  which  the 
island  stood,  and  that  of  the  Siskiyou  by  beautifully  preserved 
Eocene  marine  fossils.  The  Miocene  was  introduced  by  the  slow 
initiation  of  the  Coast  range  uplift,  forming  finally  a  Coast  range 
valley  between  the  Cascades  and  the  Coast  range  which  is  trace* 
able  from  southern  California  to  Queen  Charlotte's  sound  though 
having  different  names  in  its  various  parts — the  San  Joaquin.  Sac- 
ramento,  Willamette,  Puget  Sound. 

The  fresh  waters  on  the  east  side  of  the  Cascade  uplift  were 
gradually  reduced  in  area,  from  lakes  connected  by  streams  to 
broad  low  valleys  through  which  single  streams  flowed.  These  in- 
land lakes  laid  the  foundation  for  the  drainage  southward  of  the 
Colorado  river,  and  that  northward  of  the  Columbia  river.  The 
Eocene  climate  was  that  of  the  palm  and  of  the  rhinoceros,  moist 
and  warm.  The  elevation  and  continuity  of  the  Cascade  range  were 
not  then  sufficient  to  exclude  the  warm  moist  atmosphere  of  the 
Paciflc.  Much  of  the  present  area  of  Alaska,  as  pointed  out  by  the 
author,  was  yet  under  the  ocean,  and  there  was  presented  an  open 
passage  for  the  Japan  current,  flowing  eastward  on  its  way  to  the 
Hudson  bay  and  the  coast  of  Greenland,  thus  ''cutting  off  all  accu- 
mulations of  ice  between  Oregon  and  the  Arctic  ocean."  These 
subtropical  conditions  were  gradually  changed  to  more  temperate,. 
and  even  Arctic,  by  the  increasing  elevation  of  the  Cascades  and 
the  exclusion  of  the  Japai>  current.  This  change  was  accompanied 
by  the  loss  of  the  rhinoceros  and  the  palm  tree,  the  introduction 
of  Miocene  animals  and  plants  and  flnally  the  Pliocene. 

At  the  close  of  the  Eocene  the  Shoshone  (sland  was  joined  to 
the  eastern  mainland.  The  larger  mammals  then  swarmed  over  the 
island.  These  were  Oreodon,  Rhinoceros,  Entilodon,  Bothrolabis, 
various  small  rodents,  cats  like  the  cougar,  dogs,  diminutive  horses 
having  three  hoofs  instead  of  a  single  hoof,  the  composite  genus 
Anchitherium 

With  the  introduction  of  the  Pliocene  the  Miocene  strata  were 
slowly  and  unevenly  elevated,  the  Miocene  lakes  were  drained  and 
large  quantities  of  igneous  rock  were  thrust  upward  through  great 
orifices  in  the  strata.    The  Pliocene  lakes  were  smaller  and  their 
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sediments  are  marked  by  two  characteristic  fossils  which  run 
through  them  all,  the  camel  and  the  horse.  The  horse  was  of 
numerous  forms,  the  most  noteworthy  being  Hipparlon  and  Proto- 
hippus.  The  camel  was  in  two  groups,  the  camel  proper  and  the 
Anchenia,  the  former  perhaps  as  large  as  the  Arabian  camel  and  the 
latter  about  the  size  of  a  goat.  Fossil  remains  of  the  real  horse, 
indicating  an  animal  about  as  large  as  a  good  sized  dray  horse  of 
to-day  have  also  been  found  in  the  Pliocene  and  were  described  by 
Prof.  Condon  in  1866,  the  earliest  in  North  America. 

The  author  divides  the  Pliocene  of  Oregon  into  two  groups,  the 
Dalles  and  the  Silver  Lake  groups  and  gives  notes  of  their  verte- 
brate remains.  It  is  in  the  latter  that  he  found,  associated  with 
remains  of  camel  and  other  Pliocene  fossils,  obsidian  arrow  points 
indicating  that  man  lived  in  Pliocene  time  in  Oregon.  Prol  Cope 
accepted  that  conclusion,  but  Prof.  Condon  suppode^'  that  the  case 
is  not  proven,  since  the  human  implements  may  have  t^ched  their 
position  by  simple  gravitation  through  the  denudation  of  soi^e  thick- 
ness of  Pliocene  strata  which  originally  may  have  separated  rlhem 
from  the  camel  bones.  The  existence  of  sand  dunes  in  the  Imme- 
diate vicinity,  suggesting  powerful  winds,  and  the  fact  thati  tlM 
bones  and  the  arrow  heads  are  mixed  promiscuously  on  the  bare 
surface,  give  some  shadow  of  plausibility  to  this  supposition.  But 
it  is  plainly  necessary  to  subject  the  region  to  an  extensive  and 
more  detailed  survey  before  it  will  be  possible  to  pronounce  positive- 
ly on  this  question.  Prima  /ac/e'the  evidence  points  as  Cope  con- 
cluded, but  owing  to  the  importance  of  the  conclusion  it  may  be 
best  to  hold  it  in  abeyance. 

The  "surface  deposits"  are  those  that  have  accumulated  since 
Pliocene  time,  bogs,  swamps  and  all  slight  depressions  in  which 
large  mammals  often  sink  to  their  death.  They  are  Pleistocene  and 
contain  the  remains  of  mammoth,  mastodon,  the  broad-faced  ox  and 
the  sloth-like  Mylodon.  "A  large  part  of  this  geological  period  over- 
laps that  of  prehistoric  man."  Up  to  the  Glacial  period  the  horse 
and  the  camel  were  abundant  in  Oregon  and  their  continuance 
through  Glacial  times  is  still  in  doubt. 

The  author  devotes  a  chapter  to  ''The  Willamette  Sound."  This 
body  of  water  covered  the  Willamette  valley  and  was  connected 
with  the  Pacific.  It  was  an  incident  of  recent  changes  of  level 
along  the  coast  of  Oregon  and  Washington.  The  sedilnents  are 
thick,  nicely  stratified  and  in  some  places  contain  great  numbers 
of  fossils  of  recent  shells  mostly  identical  with  those  now  living 
along  the  shore.  The  waters  of  this  sound  rose  to  at  least  360  feet 
higher,  relative  to  the  land,  than  the  Pacific  ocean  of  to-day,  and 
they  buried  the  whole  region  under  a  fine  loess  which  reaches  the 
thickness  of  over  100  feet  and  forms  the  present  soil  and  subsoil 
of  the  valley.  The  author  does  not  indicate  what  may  have  been 
the  chronological  relation  of  this  sound  to  the  Pleistocene,  or  to  any 
part  of  it.    No  human  remains  have  yet  been  found  in  its  sediments. 
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Tke  latest  geotocScml  erent  seems  to  hsre  been  t^  rise  of  t^  land 
to  its  |»eMnt  atUtnde,  acoompanied  perhaps  by  volcanic  acUTity  in 
mm^  of  tlie  peaks  ai  the  reston. 

Tke  book  is  a  rery  nsefol  compend.  It  woaM  hsTe  been  im- 
proved by  an  index  and  still  more  by  an  outline  map  of  Orefon. 
^^  t^  BAP  coold  bare  been  expressed  Tarions  locaUties  which  the 
■nlhrniHar  reader  would  bare  referred  to  eagerly,  and  it  ml^t  also 
some  geolosical  data.  N.  H.  W. 


^»ttr:    Another   Kppeml   to   Induction   &om    the  Seholmstie 

Methods   of  Modern  Geolofsj,     By  Sir   Hbnky   H.   Howokth.    In 

two  Tolnmes.    VoL  I,  pp.  liii,  636;  VoL  II,  pp.  Till.  4W,    Lonr 

mans.  Great  and  Co.,  London,  New  York,  and  Bombay,  1905. 

In  tbese  controversial  volumes,  published  a  f^w  months  ago. 

Sir   Henrr   Howorth    returns  with   redoubled   seal   to  his  warfare 

•g»iiiirt  tlie  slacialists.    All  extant  or  even  obsolete  theories  of  the 

Cannes  of  the  Ice  age  are  reviewed  and  analysed.    Welshed  in  Uie 

Mithor's  balance,  they  all  are  found  wanting;  none  seems  to  him 

Accordant  with  sound  physical  principles,  and  competent  to  explain 

continental  glaciaticm.     Therefore,  in  his  judgment,  the  Ice  age,  in 

whi^  the  giarlaltsts  believe,  must  be  a  myth,  merely  a  figment  of 

their  imagination. 

To  follow  this  destructive  criticism,  however,  a  constructive 

third  volume  is  promised,  completing  the  series  thus  entitled,  which 

last  volume  will  be  devoted  to  exposition  of  the  author's  theory  of 

tlie  origin  of  the  drift  by  the  agency  of  rushing  waters  or  floods^  the 

renowned  debacles  of  geologic  science  two  or  three  generations  ago. 

From  his  early  studies  and  publications,    **A    History    of    ths 

Mongols,"  and  **Chingiz   Khan  and   his  Ancestors.*'  which  led  our 

author  through  central  and  northern  Asia,  he  first  came  forward 

to  challenge  glacial  doctrines  in  a  memoir  most  amply  Illustrated 

by  Siberia.    This  ^as  "The  Mammoth  and  the  Flood,  an  Attempt 

to  Confront  the  Theoiy  of  Uniformity  with  the  FacU  of  Recent 

Geology"  (pages  xxxll.  464;    London,    1887). 

SU  years  later,  he  again  aseaulted  these  doctrinea  of  glaolation. 
imputing  them  to  wild  Imagination,  such  as  gives  affrighting  dreams, 
til  -The  Glacial  Nightmare  and  the  Flood,  a  Second  Appeal  to  Com- 
nnm  Sense  from  the  Extravagance  of  Some  Recent  Geology"  (two 
Tolumes.  pp.  xxvUI,  376.  and  xl.   377-920;   London.  1893).     In  a  CfU|. 
siderable  degree  the  new  volumes  cover  the  same  ground  and  uae 
the  same  arguments  as  that  former  work;   but  the  present  diaeua^ 
Bions  and  adverse  cHtidsm  are  more  elaborate,  with  large  imltinUt^ 
additions,  brushing  aside  and      toppHnK     ^^^^^   JIT'^k    *.  /''  ^^^ 
author's  opinion,  all  the  ingenious    devices  by  which  thi.  f«Uu>wwa 
of  A^assiz  have  sought  tTLcount    for  the  climatic  conditUmn   of 
their  Glacial  period.  .  .  . 

In  opposition   to  the  epeirogcnic    theory,  which   s^^nma    tu    u,,. 
reriew.r  to  be  true  «id  gScient    to   explain  the  accuniu\„t\uu  V.t 
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Pleistocene  Ice  Bbeets,  Sir  Ucnry  refueea  Ita  moat  Important  evi- 
dence and  support  by  his  deaial  that  the  fjords  are  valleys  of  river 
eroBlon.  To  his  mind  the  great  depths  of  the  fjords  beneath  the 
xea  level  are  not  a  proot  of  former  high  land  elevation,  because  he 
regards  these  very  deep  meandering  and  branching  valleys  as  &■- 
sures  produced  by  rock  fracture!  But  geologists  can  not  give  cred- 
ence to  this  view  of  the  origin  of  fjords,  nor  can  they  go  back  k 
-century  to  the  diluvial  theory  of  the  origin  of  till,  moraines,  and 
glacial  Btrlatlon.  W,  U, 

Tbc  Rocks  of  Tristan  d'Acunba,  brought  back  by  H.  M.  S.  'Odia\ 
1904,  \ritb  tbeir  Bearing  on  tbe  Question  of  the  Permmneaee 
of  Ocean  Basins,  by  Prop.  Ernest  H.  L  Schwarz,  Rhodes  Uni- 
versity College,  Grahamstown,  South  Africa.  Transactions  ot 
the  South  African  Philosophical  Society,  vol.  xvl,  pp.  9-61,  wltb 
two  maps  and  a  section;  May,  1905. 

It  la  held  by  this  author,  following  Judd  and  Sueas,  that  the 
Interior  of  the  earth  is  composed  of  a  heavy  metallic  center  and  is 
covered  by  an  envelope  of  siliceous  slag.  Where  volcanic  action 
reaches  up  from  very  great  depths.  It  would  therefore  be  expected 
to  bring  great  maaaes  of  metallic  aubatancea,  like  the  nlckelUerona 
Iron  of  _Ovlfak  In  Greenland.  Dut  in  no  Inetance  has  an  oceanic 
island  of  volcanic  rocks  yielded  a  mine  of  any  metal.  Nearly  everr- 
where  the  Beat  ot  volcanic  upflow  appeara  to  be  of  relative!)'  small 
depth,  where  the  motion  and  friction  of  bending  and  ahearing  along 
great  Assure  lines  have  melted  parta  of  the  sedimentary  or  older 
crystalline  rocks  of  tbe  earth  crust. 

On  Ihe  lofiy  island  of  Trlatan  d"  Acunha,  and  on  numerous  other 
lone  volcanic  lelanda  of  the  South  Atlantic,  fragments  of  granite, 
gnelaa,  or  othtr  rocks  of  continental  types,  have  been  found,  lead- 
ing to  the  hypotheals  that  formerly  a  continental  land  mass  occu- 
pied that  area,  vrhlch  is  now  enveloped  by  profound  oceanic  waters. 
The  ancient  land  la  supposed  (o  have  reached  from  Cape  San  Roqae 
to  Sierra  Leone,  on  the  north,  and  from  southern  Brasll  through 
Trlatan  d'  Acunha.  to  the  Cape  of  Good  Hope,  on  the  south;  and 
It  in  conjectured  to  have  existed  from  Devonian  to  Late  Tertiary 
<lmeB,  W.  U. 

■Geob'gical  Surrey  of  Sew  Jersey.   Annnal  Report  for  tbe   Year   1904. 
Hemiv  B.    Ki'mmkl     State   Geologist.    Pages   ii.  317;    with  19 
plates  and  IS  flgurea  in  the  test.     Trenton,  N.  J.,  1906. 
Besides  his  administrative  report,  the  state  geologist  writes  ot 
the  molding  sands  and  the   mining  Industry.    The  production  of 
Iron  ort'  from  the  New  Jersey  mines  In  1904  was  nekrly  halt  a 
million  tons,  being  greater  than  In  any  former  year  since  1891;  and 
the  zinc  ore  production  was  250,0i6  tons. 

Dr.  Charles  R.  Eastman  presents  a  report  on  the  Trlasslo 
Qsbes  of  New  Jersey,  noting  alzteaa  apedea. 

Stuttrt  W"lK'i'  vlt'MTlb'H  tbe  latma  of  the  C110w<x>d  clays  tn  the 
Rnrltnc  [ormutlun,  and  classlAeif  the  Itppor  Cretaceous  formatlonB 
and  ftnnas  of  the  state. 
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F.  B.  Peck  treats  of  the  talc  deposits  of  Phillipsburg,  N.  J.,  and 
Baston,  Pa.;  and  Arthur  C.  Spencer  reports  the  progress  of  work 
in  the  Pre-Cambrian  rocks.  W.  U. 

The  Geology  of  the  Perry  Basin  in  Sontbeastern  Maine.  By  Gborgb 
Otis  Smith  and  David  Whitb.  U.  S.  Geol.  Survey,  Professional 
Paper  Nor  35.  Pages  107,  with  6  plates.  1906. 
The  earliest  report  of  Dr.  Charles  T.  Jackson  on  the  geology 
of  Maine,  in  1837,  recommended  boring  for  discovery  of  coal  in  the 
sandstone  formation  bordering  the  west  side  of  Passamaquoddy 
bay,  in  the  vicinity  of  Perry,  that  formation  being  supposed  to  be  a 
continuation  of  the  bituminous  coal  series  of  New  Brunswick. 
Later,  on  the  evidence  of  fossil  plants,  the  Perry  beds  were  regarded 
by  W.  B.  Rogers,  Newberry,  C.  H.  Hitchcock,  J.  W.  Dawson,  and 
others,  as  of  upper  Devonian  age,  being  thus  older  than  any  known 
rocks  containing  commercially  workable  coal.  But  citizens  of  that 
district,  deeming  the  question  yet  undecided,  petitioned  the  state 
legislature  two  years  ago  for  an  appropriation  to  be  expended  in 
drilling  for  coal,  which  led  to  the  special  survey  reported  in  this 
paper. 

The  Perry  formation  is  found  to  comprise,  in  ascending  order, 
a  lower  conglomerate,  a  lower  lava,  an  upper  sandstone,  and  an 
upper  lava.  There  has  been  no  very  marked  folding  and  but  slight 
alteration  of  the  beds;  and  their  age  is  shown  to  be  distinctly 
upper  Devonian,  and  probably  Chemung.  It  is  certain  that  they 
contain  no  workable  coal  deposits.  W.  U. 
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PERSONAL  AND  SCENTIFIC  NEWS. 


Prof.  Ries  of  Cornhll  Umnersitv  has  been  engaged 
during  the  siinmier,  on  an  investigation  of  the  clays  and 
molding  sands  of  the  Virginia  coastal  plain. 

VV.  T.  MtCouKT,  Ikstructok  in  KcoNoMtc  Gf.ologv  in 
Cornell  university,  has  lieeii  studying  the  peat  deposits  of 
New  Jersey  for  the  N.  J.  (ieol.  Survey. 

Mr.  H  Fostkr  Bain  is  engaged  in  a  stniiy  of  the  Rocky 
mountain  zinc  fields  for  the  U.  S.  Gcol.  Survey.  He  will 
visit  Colorado.  Xew  Mexico  and  other  producing  territories 
to  arrange  for  the  collection  of  statistics  of  production  for 
the  Division  of  Mineral  Resources. 

pROi'ESBOK  T.  C.  Chamukrlis  has  been  appointed  a 
member  of  the  Illin()is  (I co logical  Survey  ISoard.  The  re- 
maining members  ^re  ex-officio.  governor  Deneen  and  presi" 
dent  James  of  the  State  university. 

Mk.  BA[i,iiY  Wii-i.is  returned  in  July  from  Europe  where 
he  had  been  since  February  working  tinder  a  grant  from  the 
Carnegie  Institution. 

Dk.  C.  W.  H.Wks  of  Ihe  U.  S.  Geological  Survey  spent 
July  and  August  in  Utah  and  other  western  states  inspect- 
ing field  w()rk. 

Pkof  Edwakt)  Oktox  Jk  ,  StateGeologitt  of  Ohio,  spent 
three  weeks  in  July  studying  the  glacial  geology  of  Longs 
Peak,  Colorado,  'j'he  remainder  of  the  summer  he  will 
spend  in  Massaehnsctis  engaged  in  e<liting  one  of  the  bulle- 
tins of  the  state  survey.  Field  work  for  the  Geological 
Survey  of  ( )hio  is  being  carried  on  by  other  members  of  the 
survey.  Prof.  John  A.  I'.ownocfccr  is  studying  and  map- 
ping the  I'iltsburg  coal  in  eastern  Ohio  and  completing  a 
bulletin  on  the  salt  fields  and  industry  of  the  state.  ■  Prof. 
Charles  S.  Prosser  is  studying  the  Devonian  and  Carboni- 
fenms  formations  of  the  stale  and  part  of  the  summer  will 
be  spent  on  his  report  on  (he  stratigraphical  geology  of 
these  formations. 

During  thk  Month  of  Jur.v  Mr.  M.  L.  Fuller  and  F.  G, 
Cla])|)  of  the  L'nited  Slates  geological  survey  made  a  recon- 
naissnncf  tri|)  ihrongh  Newfoundland  and  along  the  coast 
>'i  Labrador  to  a  point  north  of  Hopedale  for  the  purpose  of 
com]iaring  the  glacial  features  with  those  of  northeastern 
l'nited  Slates,  Several  inieresting  points  relating  to  possi- 
ble pre-W'isconsin  deiiosit.i.  lo  the  origin  of  the  high  terraces 
and  to  llu-  rccc'ntness  of  ihe  In-^t  ghrialion,  were  brought 
out.  The  inleiuion  was  |.>  l;.  i  furllier  norlh.  bill  llii-  was 
impossible  because  <>f  the  prc-sfiice  of  unusually  heavy  pack 
ice  along  the  shore  from  which  the  vessel  was  ohlifjed  ta 
withdraw  after  penetratijig  it  for  a  .iiriaini  oi 
miles, 
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PLEISTOCENE  FEATURES  IN  THE  SYRACUSE  REGION.* 

By  H    L.  Fairchild,  University  of  Rochester 

PLATES  VI.  AND  VII. 

The  district  lying  near  the  city  of  Syracuse  is  one  of 
unusual  interest  to  the  student  of  glacial  and  geographic 
geology.  In  addition  to  the  common  forms  of  Glacial  drift 
there  are  here  displayed  a  remarkable  series  of  stream 
canons  and  cataracts  cut  by  the  ice-border  drainage,  and 
the  shore  phenomena  of  Glacial  lakes,  specially  of  lake  Iro- 
quois. 

Moraines  are  not  strongly  represented  among  the  drift 
forms  of  the  region.  No  heavy  or  well-defined  moraine  oc- 
cur?; near  the  city,  although  some  masses  of  hummocky 
drift  are  to  be  seen.  Most  of  the  drift  burden  of  the  ice 
sheet  was  here  built  into  drumlins.  Valley  moraines  occur 
far  south  of  the  city,  as  has  been  noted  in  the  description 
of  the  railroad  routes. 

Kames.  or  water-laid  or  stratified  drift  in  the  form  of 
knolls  or  mounds  of  gravel  and  sand,  are  scattered  over  the 
region,  and  are  conspicuous  in  the  southern  part  of  the  city 
and  along  the  valley  sides,  their  structure  being  well  shown 
in  the  excavations  for  building  sand. 

The  remarkable  features  of  the  drift  known  as  "drum- 
lins" arc  excellentlv  shown  in  and  around  the  citv.  The 
city  lies  in  the  eastern  end  of  the  belt  of  drumlins,  perhaps 
the  most  remarkable  in  the  world,  which  extends  west  for  a 
hundred  miles.  Everv  hill  between  Svracuse  and  Rochester 
is  a  drumlin :  adthough  some  of  them  have  a  base  or  core  of 
5\alina  shale. 


*  I*rt'pnr»^d  for  the  field  programme  of  the  meeting  of  Section   E.   Am. 
Assoc.  Adv.  Sci..  Syracuse,  N.  Y.,  July  19-22,    1905. 
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South  of  the  palallel  of  Syracuse,  which  lies  at  the  line 
of  the  north-facing  escarpment  of  the  Onondaga  limestone, 
the  ancient  valleys  that  were  cut  by  north-flowing  streams 
are  very  prominent,  the  country  being  a  series  of  north  and 
south  valleys  and  intervalley  ridges,  a  part  of  the  "finger 
lakes*'  area.  North  of  the  parallel  of  Syracuse,  and  where 
the  strata  are  mostly  a  great  thickness  of  soft  Salina, 
Niagara  and  Medina  shales,  the  valleys  have  been  obliter- 
ated, partly  by  the  drift  filling,  and  possibly  to  some  extent 
by  the  removal  by  the  ice  of  the  saliences  in  the  soft  Salina. 
The  city  lies  in  the  northern  end  of  the  visible  Onondaga 
valley,  on  a  plain  produced  by  Glacial  and  lake  filling.  Deep 
borings  for  salt  show  a  great  depth  of  valley  filling,  but  the 
topography  of  the  buried  valley  can  only  be  determined  by 
systematic  borings.  In  the  deeply  buried  sands  of  the 
valley  the  brines  accumulate  from  the  adjacent  salt  beds, 
making  Syracuse  the  "saline  city." 

During  the  recession  of  the  continental  glacier  from  this 
region,  the  ice  sheet  acted  as  a  barrier  to  the  northward 
drainage  by  blocking  the  northern  ends  of  the  valleys.  In 
consequence,  lakes  were  held  in  all  the  valleys  extending 
southward  into  the  highland.  The  earliest  and  highest 
waters  in  each  valley  found  escape  southward  across  the 
col  at  the  present  valley  head ;  but  later,  as  the  ice  front  gave 
way,  the  overflow  was  across  the  intervaUey  ridges  past 
the  ice  border.  The  evidences  of  these  ancient  waters  are 
the  deltas  built  at  various  levels  by  the  tributary  streams, 
and  the.  outlet  channels  which  determined  the  several  levels. 
Some  of  these  channels  and  correlating  deltas  are  very 
prominent  features. 

The  description  and  naming  of  the  local  lakes  in  the 
valleys  of  the  Syracuse  region  may  be  found  in  pages  52-63 
of  the  article  noted  in  the  list  of  references  as  No.  i.  As 
this  may  not  be  available  to  all  readers,  a  brief  enumeration 
of  these  lakes  is  given  as  follows  :     In  the  Otisco  valley  the  ^ 

primitive  and  highest  water,  called  the  Glacial  lake  Otisco, 
had  its  outlet  southward  over  the  col.  The  lower  water,  the 
Mariette  lake,  escaped  west  to  the  Skaneateles  valley.  In 
the  Onondaga  valley  the  highest  water,  was  the  CardiflF  lake, 
which  had  its  outlet  south  through  the  Tullv  lakes.     Later, 
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the  waters  fell  to  the  hight  of  the  outlets  at  Joshua  and 
Navarino,  leading  west  to  the  Otisco  valley,  and  are  called 
the  South  Onondaga  lake.  A  yet  lower  lake,  the  Onondaga 
Valley  lake,  had  eastward  escape  by  the  channels  at  James- 
ville.  On  the  Butternut  valley  the  highest  lake.  Butternut 
lake,  overflowed  south  across  the  col  and  through  TuUy 
village,  while  its  successor,  the  Jamesville  lake,  had  outlet 
eastward  by  the  channels  northeast  of  Jamesville. 

The  vast  expanse  of  Glacial  waters  which  were  held  by 
the  waning  ice  sheet  in  the  Huron,  Erie  and  Ontario  basins 
had  their  lower  escape  through  the  lower  members  of  the 
local  lakes  already  mentioned.  These  were  the  great  lake 
Warren  and  the  lowering  waters,  of  which  only  one  pausb 
had  been  determined,  namely:  lake  Dana.  The  Warren 
waters  reached  this  territory  with  an  altitude  of  about  890 
feet  as  the  present  level.  The  Dana  waters  were  about  180 
feet  lower,  and  the  outlet  of  lake  Dana  is  believed  to  be  the 
great  channel  leading  east  from  Marcellus.  The  numerals 
given  in  connection  with  the  channels  shown  in  the  accom- 
panying map,  show  the  present  altitude  of  the  heads  of  the 
channels.     (Plate  vii.) 

The  successor  of  the  Warren  water  and  the  falling 
Warren  (Hyper-Iroquois)  in  the  Ontario  is  lake  Iroquois, 
with  its  outlet  at  Rome  over  the  Mohawk  valley.  Lake 
Iroquois  flooded  the  Syracuse  plain  and  the  lower  ends  of 
the  Onondaga,  Butternut  and  Limestone  valleys.  The 
wave-cut  notches  on  the  drumlins  and  the  wave-built  spits 
and  bars  are  to  be  seen  near  the  city. 

The  most  novel  and  interesting  features  of  the  region 
are  the  deserted  river  channels,  which  were  cut  by  the 
Glacial  waters  in  their  escape  to  the  eastward  past  the  ice 
border.  After  the  glacier  had  dumped  its  rock-rubbish  in 
the  valleys  and  so  formed  the  valley-head  ^moraine,  or  pres- 
ent water  parting,  it  wasted  away  until  the  ice  border  was 
many  miles  north  of  the  moraines,  thus  forming  the  valley 
basins  that  held  the  local  Glacial  lakes  described  above,  the 
northern  barrier  being  the  ice  body  itself.  The  later  waters 
held  in  these  basins  escaped  across  the  ridges  and  pro- 
duced the  fossil  channels  that  are  indicated  in  the  map. 
The  reader  should  clearly    understand    that     the     present 


138  The  American  Geologist.  September,  icos 

north-flowing  streams  are  in  deep  and  wide  pre-Glacial  val- 
leys (these  are  shown  by  the  topographic  sheets),  while 
the  extinct  channel?  are  cut  across  the  tops  of  the  inter- 
valley  ridges  and  high  above  the  north-south  valleys.  In 
other  words,  the  highest  of  them  have  both  ends  in  the  air. 
As  the  crests  of  the  ridges  decline  or  fall  away  to  the  north, 
the  transverse  channels  on  any  meridian  were  cut  success- 
ively from  south  to  north,  as  the  ice  barrier  receded,  and  of 
course  at  successively  lower  levels.  As  no  channel  was 
deserted  until  a  lower  escape  was  opened,  it  follows  that 
each  successive  or  lower  channel  must  have  been  initiated 
at  an  altitude  below  the  bottom  of  the  preceding  channel. 

The  Syracuse  channels  and  cataracts  were  functionally 
the  predecessors  of  Niagara,  as  they  carried  the  overflow 
of  western  waters  eastward  to  the  Ontarian  level.  Two  of 
the  fossil  cataracts,  those  of  Jamesville  and  Blue  lakes,  are 
comparable  in  hight  and  capacity  to  the  present  Niagara. 
No  visitor,  standing  for  the  first  time  on  the  crest  of  the 
Jamesville  lake  amphitheater  and  appreciating  the  romantic 
history  involved  in  the  phenomena,  will  regret  a  journey  of 
a  thousand  miles  to  view  the  region.     (See  plate  vi. 

A  brief  description  of  these  features,  with  illustrations, 
may  be  found  in  No.  3  of  the  references. 

The  rivers  which  excavated  the  cross-ridge  channels 
dumped  their  detritus  into  the  valley  lakes.  A  very  prom- 
inent delta  lies  two,  miles  south  of  Marcellus,  in  the  Otisco 
valley,  but  this  is  beyond  the  easy  reach  of  the  excursions. 
It  may  be  seen  on  the  Skaneateles  sheet.  The  largest  delta 
in  the  region  is  in  the  Onondaga  valley  at  the  junction  of 
the  M'arcellus-Cedarvale  channel,  and  shows  on  the  Tully 
sheet.  It  can  be  reached  on  the  trips  and  can  be  plainly 
seen  miles  away,  from  the  east  side  of  the  Onondaga  valley. 
This  great  delta  extends  from  a  mile  northwest  of  South 
Onondaga  around  the  north  of  Indian  Village,  a  stretch  of 
four  miles.  Another  delta  lies  west  of  Jamesville  at  the 
mouth  of  the  gorge,  below  the  lake  and  ancient  cataract. 
Still  another  and  more  conspicuous  delta  occurs  at  High 
Bridge  in  the  limestone  valley  at  the  mouth  of  the  White 
lake  channel,  and  is  mapped  in  the  southeast  corner  of  the 
Svracuse  sheet.     Small  terraces  and  benches  of  stream  detri- 
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tus,  built  in  the  Glacial  waters,  may  be  seen  along  the 
slopes  of  the  valleys,  correlating  with  the  lake  levels  estab- 
lished by  the  stronger  channels.  Those  in  the  Onondaga 
valley  are  more  specially  related  to  the  Railroad  channel. 

Rbfbrbncbs. 

1.  Bulletin  Geol.  Soc.  Am.,  x:  57-66. 

Gives  a  description  of  the  Glacial  lakes,  with  illustrations. 

2.  Amer.  Jour.  Sci.,  vll:  249-263. 

Describes  the  Glacial  lakes  Newberry,  Warren  and  Dana. 

3.  20th  Ann.  Rep.  N.  Y.  State  Geologist.  1900,  pp.  112-129. 

Describes  and  illustrates  the  extinct  channels  and  cataracts  in 
the  Sj-racuse  region. 

4.  21st  Ann.  Rep.  N.  Y.  State  Geologist,  1901,  pp.  33-47. 

Describes  and  illustrates  the  lower  channels  between  Syracuse 
and  Rome,  especially  the  jchaiinel  which  passes  through  the 
city  of  Syracuse. 

5.  22nd  Ann.  Rep.  N.  Y.  State  Geologist,  1902,  plate  1,  facing  p.  19. 

Map  with  description  of  lake  Warren. 

6.  Bulletin  Geol.  Soc.  Am.,  ix:  173-182. 

Description  by  E.  C.  Quereau  of  the  Jamesville  lake  and 
surroundings. 

Car-Window  Geology:  Suggbstions  to  travelbrs. 

Approaching  Syracuse  from  the  wrsi  by  the  New  York 
Central  or  the  West  Shore  railroad, — From  Buffalo  to  Crit- 
tenden the  New  York  Central  R.  R.  lies  on  the  leveled  lake- 
bottom  of  Warren  waters,  the  strong  beach  of  which  is 
crossed  at  Crittenden.  From  there  to  beyond  Batavia  the 
road  is  in  the  well-accentuated  Batavia  moraine.  From 
there  to  Rochester  the  generally  smooth  plain  is  diversified 
with  drumlins  and  low  kames.  The  West  Shore  road  lies 
on  the  Warren  lake-bottom  nearly  all  the  way,  and  at 
Smithville  station  a  conspicuous  cliflf  cut  by  Warren  waves 
may  be  seen  on  the  south.  From  Oakfield  to  Rochester 
scattered  drumlins  may  be  seen  on  the  south.  From  Oak- 
field  to  Rochester  scattered  drumlins  may  be  seen  on  the 
south,  with  moraine  topography  at  Churchville. 

From  Fairport  (east  of  Rochester)  to  and  beyond  Syra- 
cuse these  railroads  follow  the  river  channels  cut  by  the 
Glacial  waters  in  their  eastward  flow.  From  Newark  east- 
ward the  work  of  lake  Iroquois  waves  may  be  seen  in 
numerous  notches  or  terraces  on  the  drumlins,  at  from  20 
to  30  feet  above  thf*  level  of  the  railroads.     For  the  whole 
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distance  the  drumlins  appear  in  remarkable  form.  The 
Salina  shales  appear  in  places  as  red  or  green  clay-like  ex- 
posures, the  best  display  being  3  miles  east  of  Newark,  on 
the  south  side  of  the  tracks. 

Approaching  Syracuse  Jrom  the  east  by  the  New  York 
Central, — From  Schenectady  to  Rome  the  railroad  lies  in 
the  ancient  channel  of  the  Iromohawk  river,  a  stream  larger 
than  the  St.  Lawrence,  which  carried  the  overflow  of  the 
Glacial  lake,  lake  Iroquois.  On  the  south  wall  of  the  valley 
may  be  seen  the  high-level  channels  cut  by  Glacial  waters 
when  held  up  by  the  ice  front.  Such  are  conspicuous  three 
or  four  miles  west  of  Little  Falls  and  east  of  Utica  for  sev- 
eral miles.  Between  Little  Falls  and  Rome  the  deltas  built 
in  the  earlier  waters  and  the  flood  plains  of  the  Iromohawk 
are  conspicuous.  (This  stretch  is  covered  by  the  Utica, 
Oriskany  and  Oneida  sheets  of  the  geological  map  of  New 
York  State.)  From  Rome  to  near  Oneida  the  railroad  lies 
in  a  pronounced  Glacial  river  channel.  All  the  way  from 
Oneida  to  Syracuse  the  tracks  lie  on  the  Iroquois  lake-bot- 
tom, while  the  south  banks  of  the  ice-border  drainage  are 
conspicuous  at  man^  points,  on  the  south  side  of  the  train 
appearing  as  steep  bluffs  on  the  saliences.  The  north  bank 
of  the  stream  was  the  ice  of  the  ancient  Glacial  cap. 

The  West  Shore  railroad  parallels  the  New  York  Cen- 
tral from  Oneida  to  Syracuse  and  shows  the  stream-cut 
bluffs  even  better,  since  it  lies  farther  south. 

Approaching  Syracuse  Jrom  the  south  by  the  Delaware 
Lackawanna  and  Western  railroad. — Northward  from  Bing- 
hamton  the  road  follows  valleys  which  were  the  southern 
escape  of  Glacial  waters.  The  abundant  stream  detritus 
may  be  seen  in  the  broad  stretches  of  gravel  plains  and  in 
terraces  and  deltas  at  the  mouths  of  side  valleys.  From 
Tully  northward  for  two  miles  the  road  lies  in  the  small 
channel  across  the  col  which  was  the  outlet  of  the  Butternut 
Glacial  lake.  From  Apulia  to  Jamesville  the  road  lies  high 
on  the  west  side  of  the  Butternut  valley  and  commands  a: 
fine  view  of  the  valley  features.  For  three  miles  north  of 
Apulia  the  valley  is  partly  filled  with  moraine  drift.  Oppo- 
site Onativia  broad  delta  terraces  are  seen  on  the  east  side, 
which   correlate  with   the  Tullv   outlet.     Moraine   drift   is 
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conspicuous,  either  in  the  valley  bottom  or  banked  against 
the  walls.     (The  Tully  sheet  covers  all  this  area.) 

Between  Jamesville  and  Syracuse  the  road  passes 
through  the  grandest  of  the  ancient  river  channels,  the 
''Railroad"  channel,  which  is  a  fourth  of  a  mile  wide  and 
150  feet  deep,  mostly  in  Onondaga  limestone.  (Syracuse 
sheet.) 

Approaching  Syracuse  from  the  North  — The  two  branches 
of  the  Rome,  Watertown  and  Ogdensburg  railroad,  and  the 
Oswego  division  of  the  Delaware,  Lackawanna  and  Western 
railroad  leading  into  Syracuse  from  the  north,  all  lie  on  the 
Iroquois  lake-bottom  but  encounter  few  striking  features, 
though  all  the  ordinary  forms  of  drift  appear.  At  the  junc- 
tion of  the  two  branches  of  the  Rome,  Watertown  and 
Ogdensburg  at  Woodward,  the  railroad  cuts  across  a  heavy 
ridge  or  bar  of  lake  Iroquois  (Syracuse  sheet).  From 
Adams  Center  south  to  Richland  Junction,  more  than  20 
miles,  the  R.,  W.  &  O.  lies  on  the  west  (lakeward)  side  of 
the  heavy  Iroquois  beach,  carrying  a  *'ridge  road."  (Pu- 
laski, Sacketts  Harbor  and  Watertown  sheets.) 

Approachin<!^  Syracuse  from  the  west  by  ^ the  Auburn 
branch  of  the  New  York  Central  railroad — At  Victor  this 
line  is  in  a  great  channel  of  Glacial  flow,  which  it  again  tra- 
verses from  Clifton  Springs  through  Phelps  to  near  Geneva. 
At  Halfway  Station  it  enters  another  striking  channel, 
which  it  follows  through  Camillus  to  near  Syracuse.  This 
is  on  the  Baldwinsville  sheet. 
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NOTES  ON  THE  PERMIAN  FORMATIONS  OF   KAN8A& 
By  CatBLU  8.  PmossBm.  CoIuiiiBdb.  Ohio. 

In  1902  the  writer  reviewed  the  recent  literature  re- 
garding the  correlation  of  the  upper  Paleozoic  of  Kansas 
with  the  Russian  Permian.*  In  this  review  the  writer  in- 
advertently omitted  reference  to  the  papers  of  Dr.  E.  H. 
Sellards  identifying  and  describing  Permian  plants  from 
Kansas,  although  he  was  familiar  with  them.  In  1900  Dr. 
Sellards  reported  the  identification  of  Caltipleris  conferta 
Sterng.  from  the  Marion  formation  (or,  possibly  the  lower 
part  of  the  Wellington  shales)  of  Ditkinson  county  in 
eastern  central  Kansas  and  the  geological  importance  of 
this  discovery  was  discussed  as  follows* by  him: 

"The  geological  range  of  Callipteris  conferta  bas  an  interesting 
bearing  on  the  question  ot  the  age  of  th^  uppermost  Paleozoic 
rocks  o(  Kansas.  The  species  is  characteriatic  of  the  middle  and 
lower  Rothliegenden  ot  Europe,  but  has  aot  been  found  above  the 
middle  of  the  Permian.  It  has  also  been  found  in  the  Penno- carboni- 
ferous of  West  Virginia.  The  occurrence  of  this  Bpecies  near  the 
top  of  the  Kansas  strata  [in  Dickinson  county  only  the  Big  Blue 
series  or  lower  Permian  occurs;  the  Cimarron  series  or  upper  Per- 
mian is  found  farther  south]  together  with  Spbenophyllam,  a  genaB 
that  haa  not  been  discovered  above  the  middle  of  the  Permian, 
makes  It  improbable  that  the  Kansas  beds  are  younger  than  middle 
Permian.  While,  on  the  other  hand,  the  presence  of  Callipteris,  a 
Permian  genus,  and  the  number  and  variety  of  plants  belonging  to 
the  TKsniopterold  group,  as  well  as  the  general  character  of  the 
flora,  tends  to  conllrm  the  Permian  age  ot  the  Kansas  Upper  Pale- 
In  1900  fossil  plants  were  foimd  in  the  Smoky  Hill 
river  valley  just  east  of  Salina  in  Saline  county,  which  ad- 
joins Dickinson  county  on  the  west,  in  rocks  of  about  the 
same  age  as  those  of  the  former  locality.  In  commenting 
upon  the  plants  from  both  of  these  localities  Dr.  Sellards 
said: 

"There  are,  in  the  collections  so  lar  made,  some  twenty-six  or 
twenty-seven  determinable  species,  distributed  In  fourteen  genera. 
The  plants  Indicate  unmistakably  the  true  Permian  age  of  the 
formation  In  which  they  are  found.  Many  of  the  species  are  charac- 
teristically Permian,  and  only  a  very  small  proportion  of  the  species 
.Identical  with  Upper  Carboniferous  species."* 
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Part  of  this  flor^  has  been  described  by  Dr.  Sellardst 
and  in  the  second  paper  he  identifies  and  describes  Tceniop- 
teris  coriacea   Goep.  which  he  States : 

"Seems  to  have  beSn  found  as  yet  in  only  two  other  localities^ 
both  Permian,  Ottendorf  in  Bohemia,  and  Lissitz  in  Moravia/'t 

In  1903  Dr.  Keyes  published  a  paper  entitled  "Some 
recent  aspects  of  the  Permian  question  in  America,"t  in 
which  he  objected  to,  certain  statements  in  my  article  of  the 
previous  year.  His  principal  objection,  apparently,  was  that 
in  giving  the  "Classification  of  the  upper  Paleozoic  forma- 
tions of  Kansas"  theSvriter  used  Cragin's  name  of  Big  Blue 
instead  of  Keyes'  term  Oklahoman  for  the  lower  series  of 
the  Permian  and  stated  that  in  Kansas  they  were  identical. 
The  following  brief  history  of  these  two  terms  will  furnish 
a  basis  for  judging  whether  it  was  a  fair  statement  or  not. 
The  term  "Big  Blu^  series'*  was  proposed  by  professor 
Cragin  in  March,  1896,  for  the  lower  Kansas  Permian  forma- 

tions^  which  he  listed  as  follows: 
Wellington  shales. 
Geuda  salt-mealures  [which  later  he  withdrew  in  favor  of 

the  name  Marion  formation]* 
Chase  limestones. 
Neosho  shales.t 
Professor  Cragin  stated  that 

"It  may  be  called  the  Big  Blue  series,  from  the  Big  Blue  river, 
which  in  northern  Kansas  crosses  the  somewhat  narrowed  northern 
extension  of  Its  area  of  outcrop."t 

The  upper  Permian  formations,  popularly  termed  the 
Red  Beds,  were  named  the  Cimarron  series  by  professor 
Cragin  in  the  same  article.5 

In  July,  1896,  Dr.  Keyes  proposed  "to  recognize  in  the 
'upper'  Carboniferous  of  the  western  interior  province  three 
series  having  equal  taxonomic  rank/'  the  upper  two  of 
which  in  ascending  order  were  named  the  Missourian  and 
Oklahoman.*     The  top  of  the  Cottonwood  limestone  was 


t  Bull.  I'niv.  Kansas,  vol.  1.  No.  4  (Kan.  ITniv.  Quarterly,  vol.  Ix, 
No.  8),  1900,  p.  179  and  ibid.  vol.  il,  No.  1,  (Kan.  Univ.  Quart.,  voL  x.. 
No.   1>,   1901,   p.   1. 

•  Loc.  cif.,  p.  3. 

t  Am.  Geol.,  vol.  xxxii.  p.  218. 

t  Col.   Coll.    Stu<lies.    vol.   vi,   March   27.   pp.  3,  5,   6. 
•Am.    Geol..    vol.   xvlil.    Aiuf..    is:w     p.    l.'?2. 
+  Col.   Coll.    Studies,    vol.    vi,    p.    3. 
X  /did.,  p.  6. 

g  Lifc.  ci/.,  np.  3.  IS.  48;  see  additional  account  in  Am.  Geol.,  vol. 
xlx.   May,    1897,    pp.   351-364. 

•  Am.   Geo!.,   vol.    xviil,  p.   25. 
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given  as  the  upper  limit  of  the  Missourian  series  and  in  de- 
fining the  series  it  was  stated  that 

"In  suggesting  the  name  Oklahoman  as  a  serial  geological  term 
it  is  intended  to  apply  to  all  those  rocks  of  Carboniferous  age  which 
occur  north  of  the  Canadian  river  in  Oklahoma  and  which  lie  be- 
tween the  interval  of  the  top  of  the  Missourian  series  and  the  base 
of  the  Cretaceous.  It  may  be  regarded  as  essentially  covering  the 
same  succession  of  strata  that  has  long  been  vaguely  known  under 
the  title  of  'Permian.'  The  name  is  derived  from  the  territory  in 
which  the  formation  has  its  best  development  and  in  which  the 
most  complete  sequence  is  represented.  The  best  sections  across 
the  belt  appear  to  be  exhibited  along  the  Cimarron,  Arkansas  and 
Kansas  rivers,  and  these  sections  may  be  considered  typical."* 

In  October,  1901,  Dr.  Keyes  accepted  the  name  Cimar- 
ron series  for  the  Red  Bedst  and  gave  the  upper  three  series 
of  the  Carboniferous  in  ascending  order  as  the  Missourian, 
Oklahoman  and  Cimarron^  stating  their  respective  strati- 
graphic  values  as  4,  2  and  i.5 

The  following  month  Dr.  Keyes  published  a  "General 
Geological  Section  of  the  Carboniferous  of  the  Mississippi 
Valley,"  in  which  a  complete  list  of  the  series  and  terranes 
of  the  system  is  given.  For  the  portion  under  consideration 
it  is  as  follows : 

Series.  Terranes. 


r 


Cimarron 

Kiger  shales. 
Salt  Fork  shales. 

Carboniferous 

^    Wellington  shales. 

system. 

Oklahoman ^ 

Marion  limestone. 
Chase  limestone. 

[Upper 

Neosho  shales. 

portion] 

V 

Missourian 

[Upper  part]  -< 

r   Cottonwood  limestone. 
^  Atchison  shales. 
[Wabaunsee  of  Prosser]* 

It  will  be  seen  from  the  above  quotation  that  the  ter- 
ranes listed  by  Dr.  Keyes  as  composing  the  Oklahoman 
series  are  entirely  Kansas  formations  and  precisely  the  same 
as  those  given  by  professor  Cragin  for  the  Big  Blue  series. 
It  was  this  agreement  which  led  the  writer  in  his  "Classifi- 


*/did.,    p.    27. 

t  Am.    Jour.    Sci..   4th   ser.,    vol.    xli,    p.  309. 

t  /did,,    pp.    306,    .W9. 

$  /did.,    p.    306. 

*  Am.    Geol.    vol.    xxviii,   Nov.,   1901,  p.  a02. 
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cation   of  the  upper   Paleozoic   formations  of   Kansas*'   to 

state  that 

*'It  will  be  seen  that  the  Oklahoman  series,  as  precisely .  de- 
fined above,  is  identified  with  the  Big  Blue  series  proposed  by  Dr. 
Cragin  in  189G,  and  therefore  his  name,  which  has  priority,  ia 
adopted  for  this  classification/'t 

Dr.  Keyes  in  discussing  my  paper  has  objected  to  the 
above  interpretation  and  made  certain  statements  regard- 
ing the  limits  of  the  Oklahoman  series.  He  says :  ** When 
the  title  Oklahoman  was  first  proposed  for  the  uppermost 
series  of  the  Carboniferous  its  upper  limits  were  not  very 
definitely  fixed — further  than  it  was  stated  that  in  a  general 
way  the  terrane  corresponded  to  what  had  previously  been 
called  Permian.  At  that  time  the  Red  Beds  were  regarded 
as  post-Carboniferous  in  age."^ 

The  original  statement  of  Dr.  Keyes  in  1896,  when  he 

first  defined  the  Oklahoman  series  is  as  follows : 

"In  suggesting  the  name  Oklahoman  as  a  serial  geological  term 
it  is  intended  to  apply  to  all  those  rocks  of  Carboniferous  age  which 
occur  north  of  the  Canadian  river  in  Oklahoma  and  which  lie  be- 
tween the  interval  of  the  top  of  the  Missourian  series  and  the  base 
of  the  Cretaceous.  ♦  ♦  ♦  Although  there  has  been  little  de- 
tailed study  in  the  region  regarding  the  relations  of  the  series  under 
consideration  and  the  Cretaceous  above,  it  is  well  known  that  the 
latter  rests  in  marked  unconformity  upon  all  four  series  of  the 
Carboniferous  and  at  the  north  extends  over  still  older  formations."* 

The  writer  has  given  a  fairly  complete  historical  review 
of  the  correlation  of  the  Red  Beds  or  Cimarron  series  of 
Kansas^  and  the  following  brief  statement  of  the  most  im- 
portant changes  in  their  correlation  will  be  of  interest  in 
connection  with  the  above  quotation.  In  early  papers  the 
Red  Beds  were  frequently  called  Cretaceous  and  correlated 
with  the  Dakota  sandstone.  In  1887  professor  St.  John 
referred  them  with  a  quer\-  to  the  Triassic  system.^  For 
several  years  subsequent  to  this  report  the  age  of  the  Red 
Beds  was  j^rt-nerally  given  as  either  Triassic  or  Jura-Trias. 
In  1893.  however,  professor  Hay  changed  his  correlation  of 
the  Red  FJeds  of  Kansas  to  the  Upper  Permian  on  account 
of  the  discovery  of  Permian  fossils  in  Texas  in  beds  which 
he  considered  as  of  similar  age.* 

t  Jour.    Gc-nl..    vf»l.    X.   1J«02.   chart  opposite   p.   T18. 

t  Am.   Geol..    vol.    xxxii,    Oct.,    1903.    p.   219. 

•  Am.  G«ol..  vol.  xviil.  p.  27.  , 

t  Univ.  G«ol.   Surv-    Kansas,  vol.   11.  1897,  pp.   75-83. 

t  Fifth  Bi€n.  Rept.  Kansas  State  Board  Agr..  pt.  ii.  pp.  140.  141. 

#Kslith   i^id .    pt.   ii.   pp.   101.   106. 
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In  March,  1896,  professor  Cragin  named  the  Red  Beds 
of  Kansas,  the  Cimarron  series,  published  a  detailed  account 
of  it,  which  he  unhesitatingly  referred  to  the  Permian  sys- 
tem, and  subdivided  it  into  ten  formations.^  It  will  thus  be 
seen  that  for  some  years  previous  to  the  proposal  of  the 
Oklahoman  series  by  Dr.  Keyes  in  July,  1896,  the  Red  Beds 
of  Kansas  had  generally  been  considered  by  geologists  as 
belonging  in  the  Jura-Trias,  the  Triassic  or  the  Permian. 
It  is  also  evident  from  Dr.  Keyes'  original  definition  of 
Oklahorhan  that  for  part  of  the  territory  he  had  in  mind 
for  its  upper  limit  the  base  of  the  true  Cretaceous,  so  that  it 
was  an  open  question  whether  he  intended  or  not  to  include 
in  it  the  Red  Beds.  It  is  interesting  to  note  in  this  connec- 
tion that  in  November,  1904,  in  a  "Generalized  geological 
section  for  New  Mexico"  Dr.  Keyes  gave  the  age  of  the 
'''Cimarron  formation"  as  Triassic*  although  Dr.  Beede  more 
than  three  years  before  had  shown  conclusively  from  fossils 
that  in  its  typical  area  the  greater  part  of  the  Cimarron 
series  is  of  Paleozoic  age.^ 

Dr.  Keyes  in  his  paper  of  1903  indicates  the  limits  of 

the  Oklahoman  series  in  the  following  manner: 

'*As  it  now  appears,  even  according  to  professor  Prosser's  pub- 
lished data,  the  Oklahoman  in  central  Kansas  includes  at  the  base 
at  least  one  important  formation  more  than  the  Big  Blue  series; 
and  at  the  top  at  least  one  formation  less.  The  Oklahoman  series 
in  Kansas  is  delimited  above  by  the  top  of  the  Marion  limestones. 
In  my  various  papers,  with  one  exception  due  to  a  typographical 
error  arising  from  inability  to  see  the  proof  sheets  of  the  article, 
this  fact  is  clearly  indicated.  This  is  particularly  emphasized  in 
the  memoir  frequently  quoted  by  professor  Prosser,  on  the  detailed 
comparison  of  the  Upper  Carboniferous  of  Kansas  with  the  Russian 
Permian."* 

It  has  already  been  shown  that  the  basal  formation  of 

the  Oklahoman  series  as  defined  by  Dr.  Keyes  is  the  Neosho 

shale,^  which  is  also  the  lowest  formation  of  the  Big  Blue 

series  as  defined  by  Dr.  Cragin.^     It  is,  therefore,  clear  that 

the  basal  limit  of  the  Oklahoman  and  Big  Blue  series  as  de- 

-:  Col.    Coll.    studies,    vol.    vi,    pp.    1-5.    48. 

•  Am.    Jour.    Sci..    4th    ser.,    vol.    xviii,    p.    360. 
t  Jour.    Geol.,    vol.    ix.    July.    1901,    p.   339. 
Am.   Geol.,   vol.  xxviii,  July,  1901,  pp.  46,  47. 

Adv.  Bull.  First  Bicn.  Rept.  Oklahoma  Geol.  Surv..  April,  1902.  pp.  1-11. 

*  Am.    Geol..    vol.    xxxii,    pp.    219,    220. 

i  Am.    <5eol..    vol.    xxvlll.    1901,    p.    302.  •' 

t  Col.    <"oll.    Studies,    vol.    vi,   1896,    p.   3. 
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fined  by  their  respective  authors  is  the  same.  This  is  not 
changed  by  the  fact  that  in  my  paper  of  1902  the  Neosho 
shales  were  made  the  upper  division  of  the  Missourian 
rather  than  the  lower  division  of  the  Big  Blue  series. 

Dr.  Keyes  in  1903  clearly  states  that  the  top  of  the  Ok- 
lahoman  series  is  marked  by  the  top  of  the  Marion  lime- 
stones and  apparently  states  that  the  inclusion  of  the  Well- 
ington shales  in  it  in  November,  1901,  was  due  to  a  typo- 
graphical error.8  The  paper  just  cited  gave  no  evidence  of 
such  error  and  at  the  time  of  the  publication  of  my  classifi- 
cation in  1902  Dr.  Keyes  had  made  no  statement  which 
clearly  indicated  such  error.  The  paper  cited  as  the  one 
in  which  Dr.  Keyes  "particularly  emphasized"  this  line  is 
apparently  the  one  on  the  "American  homotaxial  equiva- 
lents of  the  original  Permian."*  In  this  article  there  arc 
two  portions  which  bear  upon  the  point  in  question.  First, 
Dr.  Keyes  gave  a  table  entitled  "Comparison  of  general 
sections"  in  Russia  and  the  Mississippi  valley  which  is  as 
follows  for  the  upper  Paleozoic  rocks : 


Russia. 


Charactbr  op  Tbrranbs. 


Mississippi  Vallxy« 


Tartaran, 
Permo-Trlas,  or 
Upper  Permian, 
P« 


Shales  and  marls,  red  and  va- 
riegated, shaly  sandstones; 
fossils  rare;  "Red  Beds." 


Cimarron   Series. 


Middle 
Permian,  P= 

Lower 
Permian   pl— b.. 

Upper  Permo- 
Carboniferous 
<ba8e  of  original 
Permian)  C  Pc. 


Limestones,    some    dolomltic, 
separated  by  calcareous  marl 

Shales  (only  200  feet  thick  in 
Kama  Valley.) 


Limestone,    heavy    dolomitic. 


(Marion  11.) 


1^ 


(Chase  11.) 


S 


Artinsk,  C  P. .. 


I  (Neosho) 
Shales,  sandstones,  some  thin  \  (Cottonwood) 
limestones.  :  (wabaunsee) 


00 


Upper  Carboni- 
ferous, C* 


Limestones  and  shales,  highly 
fossiliferous. 


Missourian   Series. 


5  Am.   Geol.,   vol.   xxvill,   p.   302. 

•  Jour.    Geol.,    vol.    vli.    ]8i».    pp.   321-342. 

*  Ibid.,   p.    332. 
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The  second  paragraph  of  this  division  of  the  paper 
treating  of  the  classification  of  this  part  of  the  rocks  is  as 
follows : 

"The  uppermost  diTielOD  of  the  Paleoiolc  of  the  region,  the 
part  widely  designated  as  the  'Red  Beds,'  haa  received  the  title  of 
Cimarron  series.  It  appears  to  form  a  tolerably  compact  sequence, 
though  there  la  aClll  some  diapute  as  to  Its  exact  geological  age. 
Between  the  Cimarron  series  and  the  MlBSourlan  aeries  are  two 
Other  terranea  that  are  well  defined.  One  is  composed  of  the  Chase 
and  Marlon  of  Proaser,  In  part,  and  the  other  of  the  Wabaunsee,  Cot- 
tonwood, and  Neosho."* 

It  will  be  seen  from  the  above  quotations  that  it  is  not 
definitely  slated  that  the  Wellington  shales  are  put  in  the 
Cimarron  series.  Again,  the  name  Oklahoman  series  does 
not  appear  in  the  paper;  the  top  of  the  Missoiirian  series 
is  drawn  from  500  to  550  feet  lower  than  in  his  former 
papers  and  the  rocks  between  the  Missourian,  as  there  lim- 
ited, and  Cimarron  series  are  divided  into  two  series  which 
are  not  named  and  clearly  neither  one  nor  both  together 
agreed  with  the  (Iklahonian  series  as  previously  defined. 
The  writer  attempted  to  represent  the  views  of  Dr.  Keyes 
fairly  and,  if  he  failed,  it  appears  to  him  that  it  was  partly 
due  to  th?  lack  of  clearness  in  the  statements  made  by  Dr. 
Keyes. 

The  writer,  however,  objects  to  the  last  paragraph  of 
Dr.  Keyes'  paper  which  is  not  a  fair  statement.  It  is  as  fol-. 
lows; 

"A  singular  argument  does  professor  Prosser  use  to  retain  the 
title  of  Permian  as  the  name  of  a  system  and  period.  He  refers  to 
half  a  dozen  Russian  writers  who  have  used  the  title  In  this  sense. 
No  allusion  whatever  Is  made  to  a  much  larger  number  of  Russian 
geologlars  who  are  equally  distinguished  and  who  all  have  worked 
extensively  In  the  typical  regions,  but  who  hold  very  different 
views.  This  method  of  presentation  Is  hardly  the  sclentlOc 
method."* 

As  a  matter  of  fact  the  writer  took  the  later  official  re- 
ports of  the  Russian  survey^  so  far  as  he  was  able  to  obtain 
them,  and  gave  a  very  condensed  but  impartial  statement 
regarding  the  classification  of  the  rocks  under  consideration. 


■  /.«. 

^il  .     p.    3»l 

t  ?■'"   ' 

.  -,..>(i    lo    various    Hrtifileii    In    llic       Afrm^,r,i     du 

Camir, 

•-.u:i-l'rii;l-Kim      d^i.TlbUw     the     iioiT     Pnlpoiolc 

the  wi 

:~'  \i  lit  the  ooplou*  foot  DPUa  In  volume  l[  i>f  8ui!»' 

"LiB     f 
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There  was  no  change,  selection  or  elimination  and  if  it 
favored  the  views  which  the  writer  expressed,  such  was  the 
concensus  of  the  evidence  before  him.  At  that  time,  how- 
ever, the  writer  inadvertently  overlooked  the  following 
statement  of  Nikitin,  the  well-known  Russian  authority  on 
the  Carboniferous:  Finally  the  Americans,  as  is  known, 
generally  refer,  contrary  to  European  geologists,  the  so- 
called  Permo-Carboniferous  of  Mr.  Meek  to  the  Carboni- 
ferous system.* 

Regarding  the  correlation  with  and  retention  of  the 
name  Permian  for  the  upper  American  Paleozoic  deposits 

the  writer  in  1902  made  the  following  statement: 

"The  number  of  American  geologists  who  believe  that  these 
Upper  Paleozoic  formations  should  be  correlated  with  the  Permian 
and  given  the  rank  of  a  period  or  system  is  probably  still  smaller 
than  the  number  of  those  who  would  retain  the  name  Permiai\  but 
classify  it  as  the  upper  series  of  the  Carboniferous.  ♦  ♦  ♦  It 
has  appeared  to  me,  however,  that  the  weight  of  evidence  favored 
correlating  the  upper  formations  with  the  Permlan."t 

Since  the  publication  of  the  above  paper  additional  evi- 
dence favoring  the  correlation  of  the  upper  Paleozoic  de- 
posits of  Kansas  with  the  Permian  has  been  received.  The 
following  brief  summary  will  give  an  idea  of  its  nature : 

In  January,  1903,  Dr.  Sellards  wrote  me  as  follows: 
"The  fossil  plants  in  my  opinion  support  your  belief  in  the  ex- 
istence of  true  Permian  in  Kansas  (below  the  Red  Beds).  The 
flora  of  the  Marion  (or  Wellington)  differs  specifically  almost  in 
toto  from  that  of  formations  as  low  down  as  the  Lawrence  shales 
[which  occur  near  the  middle  of  the  Missourian  series  of  Dr.  Keyes 
and  form  the  lower  member  of  professor  Haworth's  Douglas 
formation]  and  indicates  as  I  have  already  stated  (Kan.  Acad.  Sci., 
1900;  Kan.  Univ.  Bull.,  vol.  9,  Jan.,  1900)  a  lower  Permian  age. 
The  plants  in  this  case  are  pretty  conclusive  and  the  genera  and 
species  are  identical  with  or  most  closely  related  to  those  of  the 
lower  Permian  of  Europe."* 

Dr.  Sellards  has  also  found  insects  exceptionally  well 

preserved  in  the  Marion  formation  in  the  southern  part  of 

Dickinson  county.     He  also  states  that 

"A  considerable  number  of  insects  had  been  previously  obtained 
from  the  Coal  Measures  near  Lawrence,  Kansas" 

and  he  contrasts  these  two  insect  faunas  as  follows : 

♦  M«in.  Comlt*  G4ologique,  vol.  v.  No.  5,  1890,  p.  152. 
t  Jour.    Geol..  vol.   x,   p.   728. 
♦Letter   of  Jan.    12.   1903. 
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"The  Insects  from  the  Marioa  seem  on  the  whole  very  dllTerciit 
from  those  of  the  Lawrence  shales  and  other  Coal  Measure  de- 
posits. The  Coal  Measure  Insects,  as  Far  as  known,  are  on  the 
average  large:  on  the  contrary,  moat  ot  the  Marlon  species  are. 
■mall.  Cockroaches  at  this  new  locality  are  much -In  the  minority. 
Of  some  six  hundred  specimens  collected,  not  more  than  about 
Blzteen  are  cockroaches  and  these  are  of  small  size  and  belong  tor 
tie  most  part  to  the  Coal  Measure  and  Permian  genus,  Etoblattine 
Fossil  plantB  were  discovered  In  the  Marion  In  1899.  The  collec- 
tions made  from  the  Marlon  and  Wellington  (?)  during  1S99-1900 
seemed  to  the  writer  at  that  time  to  indicate  a  lower  Permian 
flora.  These  collections  have  since  been  Increased,  and  It  may 
now  be  said  with  a  good  deal  of  confidence  that,  althougtt  a  few 
species  have  survived  from  the  Upper  Coal  Measures,  the  Marlon 
contains  on  the  whole  a  distinctly  Permian  flora.  The  marked 
change  in  tbe  Insect  fauna  in  passing  from  the  Lawrence  stialea 
to  the  Marion  formation  la  therefore  paralleled  by  the  plant  evolu- 
tion, "t 

The  evidence  fiiniislied  by  fossil  plants  regarding  the 
correlation  of  the  npper  Paleozoic  formations  of  Kansas  has 
been  reviewed  by  Dr.  David  \Vhitc.  His  conclusions  con- 
cerning two  of  these  floras  are  important  in  reference  to  the 
identification  of  the  Permian.  The  lower  of  tliese  floras  is 
from  the  Elindale  formation  (which  in  the  writer's  classi- 
fication is  pnt  in  the  Wabaunsee  sta^e  of  the  Missourian 
series,  beginning  about  200  feet  below  its  top)  at  Onaga,  in 
the  northeastern  part  of  Pottawatomie  county  and  part  of 
its  analysis  by  Dr.  Wliite  follows: 

"No  species  In  any  way  chaructt'rlstlc  of  the  Lower  Coal 
Measures  or  the  .Allnglieny  formation  remains.  On  the  other  hand, 
the  ferns,  either  as  Individual  species  or  as  phases  of  species'  hav- 
ing wide  range,  are  clearly  Indicative  of  a  stage  at  least  very  high 
In  the  T'pper  Carboniferous  (Pennsyivanian).  Nearly  all  the 
species  liiivc  been  reported  from  either  the  Permian  of  Europe  or 
the  D'jnkard  formation  of  the  United  States,  though,  with  the  pos- 
sible exception  of  Pecopieris  Xewherrmnn,  none  are  distinctly  char- 
acteristic of  (lie  Permian.  Most  of  the  forms  present  occur  In 
the  Dunkard  formation,  whose  Bora  was  fully  treated  by  professors 
Fontaine  and  I.  C.  White.    •     •     • 

"The  evidence  presented  by  this  small  Onaga  flora  may,  there- 
fore, be  construed,  so  far  as  It  represents  the  plants  of  Us  hori- 
zon, as  'Indicating  a  stage  probftbly  within  tba  Honongahela  forma- 
tion of  the  Appalachian  region,  or  possibly  an-  hlEb  as  tb'^  lowe.st 
part  of  the  Dimkard  formation,  allhouph,  with  the  exception  of 
Pecopteria   Ncwhciriaaa,     the  cOllSGtlon   In    hand   does   not   contain 
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any  species  characteristic  of  the  Permian  of  the  old  World,  and 
does  not  signify  a  Permian  age  for  the  Onaga  (Elmdale)  beds."* 

The  importance  of  the  above  reference  to  the  Dunkard 

formation  will  be  appreciated  when  it  is  recalled  that  in  1880 

professors  William  M.  Fontaine  and  I.  C.  White  described 

the  flora  of  the  Upper  Barren  Coal  Measures  (now  called 

the  Dunkard  formation)  of  West  Virginia  and  southwestern 

Pennsylvania  and  in  conclusion  stated  that: 

"To  sum  up  finally  the  evidence  derived  from  all  souroes,  we 
find  ourselves  irresistibly  impelled  to  the  conclusion,  that  the  ♦  ♦  • 
Upper  Barrens  of  the  Appalachian  Coal  Fields  are  of  Permian 
age.'*t 

The  fauna  of  the  Dunkard  formation  is  very  small  and 
does  not  afford  conclusive  evidence  as  to  its  age  but  the 
flora  has  been  recently  re-examined  by  Dr.  David  White 
who  corroborates  the  earlier  conclusions  of  Fontaine  and 
I.  C.  White.  In  the  lower  paft  of  the  Dunkard  formation 
is  the  lower  Washington  limestone,  which  at  the  typical 
locality  at  Washington  in  southwestern  Pennsylvania  occurs 
117  feet  above  the  top  of  the  Waynesburg  coal  or  base  of 
the  Dunkard.  Dr.  David  White  draws  the  following  con- 
clusions regarding  the  age  of  the  Dunkard  formation :  • 

**It  appears  that  the  beds  below  the  Lower  Washington  lime- 
stone can  not  yet  be  regarded  as  conclusively  referable  to  the  Roth- 
liegende,  though  they  contain  a  flora  which  is  certainly  transitional. 
The  re-enforcement  of  this  flora  at  the  levels  of  the  Washington  and 
Dunkard  coals  by  the  more  important  and  distinctly  characteristic 
Rothliegende  species  ♦  ♦  ♦  seems  to  fully  justify  the  reference 
of  the  latter  to  the  Rothliegende,  the  lower  boundary  of  which 
may  probably  be  drawn  as  low  as  the  Washington  limestone,  which 
Is  as  yet  the  lowest  observed  Callipteris  horizon.  Further  search 
in  the  floras  of  the  lower  beds  of  the  Dunkard  and  in  the  Monon- 
gahela  is  necessary  before  the  upper  boundary  of  the  Coal  Meas- 
ures can  be  definitely  ascertained.  The  flora  of  the  upper  por- 
tion of  the  Dunkard  is  to  be  compared  with  those  of  the  Stockheim 
and  Cusel  beds  in  Germany  and  of  the  series  in  the  basin  of  the 
Drives  in  Prance.     ♦     ♦     *     The  reference  of  the  greater  part  of 

■ 

the  Dunkard  to  the  I^ower  Rothliegende  appears  to  be  well  founded; 
but  It  seems  to  the  writer  as  probable  that  the  plants  of  the  Upper 
Dunkard  or  of  the  lowest  of  the  terranes  of  western  Europe  that 
are  now  generally  classed  as  Rothliegende  are  hardly  of  so  late  a 
date  as  the  flora  of  the  Artinsk  stage. of  Russia."* 

•U.S.    Geol.    Surv.,    Hull.    No.   211.    Nov.,    um.    pp.    115-116. 

f  Second   Geol.    Surv.   Pa.,   PP.,   p.   119. 

♦  Bull.   Oeol.  Soc.   Amer.,   vol.   14,   March,   1904,   pp.   541,   542. 
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The  Rothliegende  is  the  older  division  of  the  Permian 
of  western  Europe,  which  is  found  typically  in  Germany. 
The  Artinsk  stage  in  Russia  is  referred  by  the  eminent  Rus- 
sian geologist  Dr.  Tschernyschew  to  the  Per  mo -Carboni- 
ferous ;  but  by  Dr.  Freeh  and  many  other  European  geolo- 
gists it  is  considered  as  lower  Permian,  A  number  of 
European  geologists  have  accepted  Permian  as  the  age  of 
the  Dunkard  formation  and  Dr.  Freeh  states  that  the  Dun- 
kard  creek  beds  and  Cassville  plant  shale,  the  latter  of 
which  is  the  shale  at  the  base  of  the  Dunkard  formation  im- 
mediately overlying  the  Waynesburg  coal,  are  the  equiva- 
lent of  the  Cusel  stage,  which  is  the  oldest  division  of  the 
Lower  Rothliegende  of  Germany.  And  in  another  sentence 
is  the  statement  that  the  petrographical  and  paleontological 
similarity  of  the  Dunkard  with  the  Rothliegende  of  western 
Europe  is  therefore  beyond  doubt.*  Dr.  Kayser  also  puts 
the  Dunkard  in  the  Permian  and  he  has  made  the  following 
statement  concerning  its  age: 

In  the  United  States  we  find  In  the  east  {Virginia,  Pennayl- 
vania,  etc.)  in  conformable  layers  upon  the  Upper  Carboniferous  the 
so-called  Barren  Measures  with  Callipteris  conferta,  Taeniopteris 
and  other  Permian  characteristic  forms  together  with  typical  Car- 
boniferous plants  as  representative  of  the  Permian.* 

The  youngest  of  the  Kansas  floras  discussed  by  Dr. 
David  White  is  that  from  Dickinson  county  which  he  states 
Dr.  Sellards  gives 

"As  coming  either  from  the  topmost  beds  of  the  Marlon  forma- 
tion or  possibly  from  the  base  of  the  Wellington  formation." 
Dr.  White's  conclusions  are  as  follows: 

"I  have  not  bad  an  opportunity  to  examine  the  remaining  ma- 
terial at  the  State  Unlveislty  [o[  ICanaas],  but  If  the  composition  of 
the  entire  flora  proves  to  be  of  so  young  a  character  as  the  material 
described  or  placed  in  my  hands  by  Mr.  Sellards,  his  conclusion 
that  the  beds  are  of  so  late  date  as  the  Lower  Permian  will  appear 
to  be  fully  justified.  I  am  not  informed  whether  any  of  the  gym- 
■  nospermic  apecies  so  important  in,  and  so  typically  characteristic 
of.  the  Permian  of  Europe  or  Prince  Edward  Island  are  present 
in  Kansas.  However,  sucb  pterldophytlc  material  as  has  come  to 
me  for  examination  is  more  nearly  typical  and  characteriatic  at  tb» 
Permian  than  any  flora  that  I  have  yet  seen  from  anotli«r  Connk- 
Uon  ia  the  Vnited   States. 

tLtihiioa  geugnoBilcii,  Th.  i.  Lethaea  palaeotoloB,  B4  *.  Uef.  K 
IWl.   n.    G4«. 

•  L«hrbucli  d.  geol.   FormatiODskuDde,  2d  ed..  ISOl,  p.  IH. 
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If  the  plants  prellmlnarllr  listed  above  ore  repreMntatlTe  at 
the  plant  life  at  the  Upper  HariOD  or  the  Welllnston  lormatlon,  Uie 
flora  of  these  beds  la  probably  of  a  date  fullj  aa  late  aa  the  earlier 
of  the  floras  generallj'  referred  to  the  Permian  In  western  Banvra. 
In  any  event  a  flora  containing  these  species  can  hardly  be  older 
than  the  topmost  Carboulterous,  or  tranaltlonal  from  the  Upper 
Carboniferous  to  the  Permian."* 

The  last  published  paper  of  the  late  Dr.  Charles  E. 
Beecher  entitled  a  "Note  on  a  New  Permian  Xiphosuran 
from  Kansas"  appeared  in  July,  1904,  the  horizon  of  which 
was  given  as  the  Fort  Riley  limestone  (which  occurs  in  the 
upper  half  of  the  Chase  stage)  and  was  unhesitatingly  cor- 
related with  the  lower  Permian.t 

In  1902  the  writer  stated: 

"It  is  probable,  however,  that  the  D.  S.  Oeologlcal  Survey  will 
retain  the  name  Permian,  but  will  classify  It  as  the  last  aeries  of 
the  Carboniferous  system." 

This  is  now  the  official  position  of  the  U.  S.  Geological 
Survey.  The  rules  of  the  survey  relating  to  "Nomencla- 
ture and  Classification  for  the  Geologic  Atlas  of  the  United 
States"  were  revised  during  1902  and  1903  and  under  the 
subheading  of  "Correlation  and  grouping  of  sedimentary 
formations"  Rule  No.  22  states  tha't : 

"The  following  series  are  now  recognised  as  applicable  to  North 
America;  *  *  *  in  the  CarlMnlferoua,  Penulan,  Pennaylvanlan, 
and  Misalaalpplan."* 

In  numerous  recent  official  reports  and  papers  of  the 
U.  S.  Geological  Survey  the  upper  Paleozoic  deposits  of  the 
Great  Plains  are  described  under  the  name  of  the  Permian 
series  of  the  Carboniferous  system  or  period.  In  fact  it 
now  apparently  regards  the  Waynesburg  sandstone  at  the 
base  of  the  Dunkard  formation  as  of  Permian  age,  since 
it  is  so  given  without  question  by  Mr.  Marius  R.  Campbell 
in  the  "Columnar  Section"  of  the  Latrobe  Folio.*  It  is  also 
important  to  note  that  in  nearly  all  the  recent  official  state 
and  territorial  reports,  the  formations  of  the  general  age  of 
those  under  discussion  are  described  under  the  name  of 
Permian  and  classified  either  as  the  youngest  series  of  the 
Carboniferous  system  or  the  last  system  of  the  Paleozoic. 
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This  certainly  indicates  a  marked  change  in  the  opinions 
of  American  geologists  concerning  the  age  of  these  deposits 
since  the  publication  of  the  writer's  paper  on  "The  Classifi- 
cation of  the  Upper  Paleozoic  rocks  of  Central  Kansas"  in 
1895-t 

In  1891  Dr.  Th.  Tschcrnyschew,  the  able  Director  of  the 
Russian  Comil/  G^<ilogi<jue  and  the  eminent  authority  on 
the  middle  and  upper  Paleozoic  of  Russia,  attended  the 
Washington  meeting  of  the  International  Geological  Con- 
gress and  later  studied  the  upper  Paleozoic  rocks  of  Kansas 
as  exposed  along  the  Kansas  river  from  Manhattan  to  Fort 
Riley.  In  his  monograph  on  "Die  obercarbonischen  Brachi- 
opoden  des  Ural  itnd  des  Timan"  he  reviews  the  description 
and"  classification  of  the  upper  Paleozoic  formations  of  Kan- 
sas and  correlates  them  with  the  Russian.  Tschernyschew's 
conclusions  concerning  the  correlation  of  the  upper  Pale- 
ozoic deposits  of  Kansas  with  those  of  Russia  are  as  follows : 

I  have  become  personally  acquainted  with  tbe  strata  of  the 
Wabaunsee  and  Cottonwood  durlDg  an  excursion  In  the  state  of 
Kansas,  the  former  In  Ihe  railway  cut  near  the  Manhattan  station; 
ttie  latter  near  the  same  place  In  Ulrlcb's  quarry.  Both  I  would 
prefer  to  put  In  line  with  the  Cora  horizon  In  eastern  and  north- 
em  Russia.  The  Neosho  strata,  and  perhaps  also  the  lower  part 
of  Ihe  Chase,  appear  analogous  to  the  Russian  Schwagerina  horizon 
and  Ihe  remainder  of  the  latter,  as  also  the  Marion,  one  must  re- 
gard as  homolnxlal  to  the  Russian  Permo-Carboniferous  and  lower 
Permian.  Finally.  Ihe  Wellington  and  Cimarron  necessarily  cor- 
respond to  the  lower  red  colored  Permian  in  eastern  and  northern 
Russia.* 

The  Schwagerina  beds  form  the  upper  division  of  the 
unquestioned  upper  Carboniferous  of  Russia,  while  the  Cora 
-beds  form  the  next  older  division-  which  is  characterized 
by  the  Brachiopod  shell  named  Produciiis  ram.  Succeeding 
the  Schwagerina  beds  is  the  Artinsk'  stage  of  the  Russian 
Pcrmo-Carboniferous  which  is  classified  by  Drs.  Freeh  and 
Kayser  and  many  other  European  geologists  as  lower 
Permian.  In  my  "Classification  of  the  Upper  Paleozoic 
formations  of  Kansas"  published  in  1902,  but  a  year  before  a 
copy  nf  Dr.  Tschernyschew's  Memoir  was  received,  the  pro- 
visional line  between  the  Carboniferous  and  Permian  sys- 
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terns  was  drawn  at  the  base  of  the  Wreford  limestone  or 
lowest  formation  of  the  Chase  stage.  It  will  be  seen  that 
this  correlation  agrees  very  closely  with  that  of  Dr.  Tscher- 
nyschew,  since  he  draws  the  homotaxial  line  representing 
the  separation  of  the  Russian  upper  Carboniferous  and 
Permo-Carboniferous  either  at  the  base  or  in  the  lower  part 
of  the  Chase  stage. 

The  following  table  from  Dr.  Tschernyschew's  Memoir 
gives  his  idea  regarding  the  correlation  of  the  Russian  and 
American  formations : 


Ural  and  Timan 
OF  Russia. 

Texas  and 
Arkansas 

Kansas,  Nebraska,  Iowa, 
Missouri 

Artinsk — 
Ablagerungen . . 

Wichita  and 
Clear  Fork  beds. 

Marion   beds. 

Chase  beds. 

Neosho  beds. 

Missourian    series    and    Cot- 
tonwood beds  of  Kansas  and 
Nebraska. 

Wabaunsee  beds,  Oread  lime- 
stone   and    Osage    shales  of 
Kansas.* 

Schwagerinen — 
Horizont 

Albany  and 
Cisco  beds   

Cora — Hori- 
zont  

Canyon  and 
Strawn  beds 

Several  geologists  have  in  a  general  way  correlated  the 
Wichita  division  of  Texas  with  the  lower  Permian  of  Kan- 

r 

sas  and  professor  Cummins  has  stated  that: 

"It  is  quite  certain  that  the  Ft.  Riley  horizon  is  the  same  as  the 
Wichita  division  of  Texas,  and  is  at  the  very  top  of  the  division."* 

Dr.  Kayser  puts  the  Wichita  in  the  Permian  and  has 

recently  written  as  follows  concerning  its  correlation : 

In  the  southern  and  western  states  (Texas,  Kansas,  Nebraska, 
&c)  occur  directly  above  and  in  intimate  connection  with  the  marine 
Upper  Carboniferous  principally  sandy,  slaty,  chalky  strata,  the  so- 
called  Wichita  beds.  These  contain  in  their  lower  division  numer- 
ous Theriodonts  (Naosaarus),  Stegocephs  {Eryops,  Cn'cotas)  and 
fishes  (PleuracantbuSy  Janassa,  etc.)  recognized  by  Cope  long  since 
as  Permian;  in  the  upper  division  besides  numerous  mostly  Carbon- 
iferous species  (especially  of  the  Brachiopods — Productas,  Margini- 
kra,  Camarqpbona^  Spin'fera,  etc. — Lamellibranchs,  Gastropods) 
Permian  Ammonites  (Medlicottia^  Popanoceras^  Waagehoceras)  ^ 
Above,  follows  as  representative  of  the  upper  Permian  a  predomi- 

•  Ibid.  p.  395  of  Russian  and  706  of  German  text. 

♦  Trans.  Texas  Acad.  Science,  vol.  il,  1897.  p.  98.  For  a  summary  of 
the  various  opinions  reKrardingr  the  correlation  of  the  Kansas  and  Texas 
bedii  see  Jour.  Geoi.,  vol.   x,  1902;   pp.  724-727. 
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nant  red  colored  formation  composed  of  sandstones,  clays  and 
shales,  gypsum  and  salt-bearing,  unfossiliferous,  comparable  to  the 
Russian  Tartarian  stage.* 

The  Tartarian  is  the  upper  stage  of  the  Russian  Perm- 
ian and  some  of  the  Russian  geologists  have  considered  it 
as  of  Triassic  age.     Under  the  Carboniferous- system  Dr. 

Kayser  said: 

We  find  in  the  states  of  Kansas,  Nebraska,  Utah,  Arizona, 
Nevada,  etc.  as  in  central  Russia,  an  almost  exclusively  marine, 
chalky  development  of  the  Upper  Carboniferous,  which  gradually 
passes  above  into  the  marine  Permian.t 

Since  the  above  was  written  Dr.  George  H.  Girty  has 
published  a  paper  entitled  "The  relations  of  some  Carboni- 
ferous faunas"^  in  which  he  provisionally  correlates  the 
upper  Paleozoic  formations  of  Trans-Pecos,  Texas  with 
those  of  Russia  and  Kansas.  In  order  to  understand  the 
nomenclature  applied  to  the  geological  divisions  of  this 
region  it  is  necessary  to  state  that  Dr.  Girty  in  1902  pro- 
posed the  name  Guadalupian  for  apparently  all  the  Pale- 
ozoic deposits  succeeding  the  Pennsylvanian  of  that  re- 
gion which  he  stated : 

"Shall  be  employed  in  a  force  similar  to  Mississippian  aiid 
Pennsylvanian."* 

The  title  of  his  paper  "The  Upper  Permian  in  western 
Texas"  indicated  the  age  of  the  series.  This  region  was 
studied  later  by  Mr.  George  B.  Richardson  who  has  named 
the  formations  and  referred  the  Hueco  to  the  Pennsylvanian 
series,  the  Delaware  Mountain  formation  and  Capitan  lime- 
stone to  the  Permian  series  to  which  also  the  Castile  gypsum 
and  Rustler  formations  are  doubtfully  referred.* 

It  is  to  be  remembered  in  passing  that  the  term  "Dela^ 
ware  Mountain  formation"  is  so  similar  to  the  Delaware 
limestone  of  Orton,  a  name  applied  in  1878  to  a  Devonian 
formation  of  Ohio,t  that  it  is  not  a  sufficiently  distinctive 
designation  for  the  Texas  formation.  In  fact  it  has  already 
been  referred  to  as  the  Delaware  formation  which  will  cer- 
tainly lead  to  confusion. 

Dr.  Girty  discusses  to  some  extent  Dr.  Tschernyschew's 

•  I^ehrbuch  d.  geol.  Formationskunde,  2d  ed.,  1902,  p.  264. 
t  Ibid.,  pp.    205.    206.  O 

t  Proc.  Washington  Acad.  Sciences,  vol.  vii,  June  20,  1905.  pp.   1-26. 

•  Am.   Jour.   Sci..   4th   ser.,   vol.   xiv,   p.   368. 

•  Univ.   Texas  Min.   Surv..   Bull.  9,   November,   1904,  pp.  32-45. 
t  Rept.   Geol.    Surv.    Ohio.    vol.    iii,    p.   606. 
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correlation  of  American  upper  Paleozoic  deposits  with  those 

of  Russia  and  he  states  that: 

"I  seem  to  see  in  the  Texas  faunas  resemblances  to  the  Spirifer 
Marconjf  Ompbalotrocbus  Wbitneyi,  Prodttctas  cora^  and  Scbwag- 
€rina  zones  as  their  fossils  are  represented  by  Tschemyschew.  All 
three  of  the  lower  faunas  are  probably  represented  by  the  Hueco 
formation,  while  the  fauna  of  the  Capitan  limestone  is  in  some  re- 
spects strikingly  similar  to  that  of  the  Scbwagcrina  zone."* 

Again  Girty  states  that 

"It  seems  probable  indeed  that  all  four  of  Tschemyschew's  hori- 
zons are  represented  in  the  Hueco  formation,  where  the  different 
faunas  are  not  as  clearly  distinguishable  into  separate  entities  as 
in  Russia.t 

Girty  concludes  that 

"On  the  whole,  therefore,  it  seems  to  me  rather  more  probable 
that  much  if  not  all  of  the  Capitan  and  Delaware  formations  is 
younger  than  the    Schwagerina  zone."| 

In  Tschemyschew's  classification  the  Schwagerina  zone 
is  succeeded  by  the  Artinsk  stage  before  the  Permian  is 
reached ;  but  it  must  be  remembered  that  the  Artinsk  stage 
is  referred  to  the  Permian  by  a  number  of  other  distin- 
guished European  geologists. 

Finally  Dr.  GLirty  makes  the  following  comparison  be- 
tween the  Texas  and  Kansas  faunas : 

"So  far  as  the  significance  of  the  somewhat  hastily  reviewed 
evidence  has  been  grasped,  it  seems  to  assign  the  Kansas  faunas 
to  about  the  horizon  of  the  Hueco  formation,  placing  the  entire 
Guadalupian  series,  or  at  all  events  the  Capitan,  as  a  younger  evo- 
lution, whether  the  two  faunas  were  developed  in  distinct  pro- 
vinces or  the  same."* 

A  comparison  of  the  faunas  listed  by  Dr.  Girty  from  the 
Hueco  formation*  with  those  also  listed  by  him  from  Kan- 
sast  indicates  that  the  faunas  of  none  of  the  Kansas  forma- 
tions above  the  top  of  the  Chase  stage  are  related  to  that 
of  the  Hueco.  In  fact  it  is  a  question  how  much,  if  any, 
of  the  Chase  stage  should  be  regarded  as  homotaxial  with 
the  Hueco  formation,  since  part  of  the  species  listed  from  it 
are  generally  found  in  the  middle  and  lower,  rather  than 
the  upper,  Pennsylvanian.  With  the  above  suggestion  in 
mind  it  will  be  seen  that  Dr.  Girty*s  correlation  between 
•  Loc.  cit.,  p.  20. 

t   Ibid.,  p.    22. 
t  Ibid.,  p.   23. 

•  Ibid„  p.    26. 

•  Univ.    Texai»   Min.    Surv..    Bull.    9.    pp.    33-38. 
t  U.   S.    Geol.   Surv.,    Bull.   211,  pp.   77-83. 
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the  Texan  and  Kansan  formations  probably  does  not  differ 
markedly  from  that  of  other  geologists  and  that  it  leaves  the 
upper  Paleozoic  deposits  of  Kansas  in  the  Permian. 

The  upper  Paleozoic  fauna  of  Kansas  shows  a  closer 
relationship  with  the  Permian  of  Russia  than  does  that  of 
the  Capitan  limestone  as  listed  by  Dr.  Girty,  which  he  pro- 
visionally correlates  with  the  Permian  of  the  Salt  Range  of 
India,  the  Carnic  Alps  and  especially  of  Palermo,  Sicily.* 

Consequently  his  statement  that 

"If  the  Capitan  fauna  is  Permian,  then  certainly  that  of  Kansas 
is  not,"t 
does  not  follow  at  all. 

My  original  paper  on  ''The  Classification  of  the  upper 
Paleozoic  rocks  of  central  Kansas"  was  published  in  1895.* 
Additional  field  work  and  study  of  the  Cottonwood  Falls 
quadrangle  rendered  it  advisable,  in  compliance  with  the 
custom  of  the  United  States  geological  survey  to  designate 
each  lithologic  terrane  capable  of  representation  on  the  topo- 
graphic map  as  a  formation,  to  subdivide  three  of  the  units 
which  were  described  as  formations  in  that  article.  The 
limits  of  part  of  the  new  formations  were  clearly  indicated 
in  the  original  paper  but,  in  general,  they  were  not  given 
geographical  names.  Dr.  J.  W.  Beede  was  associated  with 
the  writer  in  this  later  work  and  during  the  latter  part  of 
December,  1901,  Dr.  Beede  spent  some  days  with  him  in 
Columbus.  At  that  time  we  fully  discussed  the  classifica- 
tion for  the  formations  of  the  Cottonwood  Falls  folio, 
selected  the  names  for  the  new  formations  and  prepared 
their  preliminary  description.  The  complete  list  of  forma- 
tion names  for  the  Cottonwood  Falls  folio  was  submitted 
to  the  U.  S.  geological  survey  on  March  7,  1902  and  in- 
cluded the  following  six  which  were  listed  as  "Prosser  and 
Beede,  new" ;  Elmdale  formation,  Neva  limestone,  Eskridge 
shales.  Garrison  formation,  Matfield  shales  and  Doyle  shales. 
The  above  named  terms  were  considered  bv  the  Committee 
on  Geologic  Names,  March  29,  1902  and  according  to  its 
chairman,  Mr.  Bailey  Willis  they  *'were  recommended  for 
approval  without  exception."     The  list  was  returned  to  me 


•  Wash.   Acad.   Sci.,  vol.  vli,  p.  22. 

t  Ibid.^   p.    26. 

1  Jour.  Geoi.,  vol.  Ill,  p.  982,  and  p.  764. 
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stamped  as  follows :  "Approved  [signed]  C.  D.  W.,  Direc- 
tor." The  names  of  the  above  formations,  properly  credited,, 
together  with  descriptions  and  classification,  were  first  pub- 
lished in  the  Journal  of  Geology  in  December,  1902.* 

The  statements  on  pages  54,  55,  56,  57  and  59  of  Bulle- 
tin No.  211  of  the  United  States  geological  survey,  pub- 
lished the  last  of  October,  1903,  in  which  the  authorship  of 
the  above  mentioned  formations  is  apparently  claimed  by 
Mr.  George  I.  Adams,  are,  to  say  the  least,  very  erroneous.. 

In  the  summer  of  1896  the  writer  spent  a  few  days  int 
southern  Kansas  in  attempting  to  correlate  some  of  the 
upper  Carboniferous  and  lower  Permian  rocks  with  the 
more  prominent  formations  of  eastern  central  Kansas.  At 
that  time  the  marked  lithologic  change  in  certain  formations 
when  followed  southward  from  the  Cottonwood  Falls  quad- 
rangle was  not  clearly  known  and  as  the  time  permitted 
only  a  very  hurried  reconnaissance  the  results  were  not 
satisfactory.  This  was  especially  true  regarding  the  at- 
tempted recognition  of  the  Cottonwood  limestone,  to  which* 
the  greatest  amount  of  time  was  devoted.  The  later  re- 
searches of  Drs.  Beede  and  Sellards,  described  in  the 
August  number  of  the  American  Geologist,  show,  that 
when  followed  southward  from  the  Cottonwood  Falls  quad- 
rangle, the  lithology  of  the  Cottonwood  limestone  and  over- 
lying Florena  shales  changes  rapidly  so  that  it  is  very  dif- 
ficult to  determine  the  limestone's  horizon  in  sections. 
After  the  writer's  reconnaissance  he  published  a  prelimin- 
ary paper  on  "The  Permian  and  upper  Carboniferous  of 
southern  Kansas''*  in  which  a  "Section  along  the  Missouri 
Pacific  railroad  from  Reece  to  the  crest  of  the  Flint  Hillst 
and  another  "from  Grenola  to  Grand  Summit"^  and  at  Cam- 
bridge§  were  described.  To  the  section  from  Reece  to  the 
Flint  Hills  the  writer  was  able  to  give  but  a  half  day  for  in- 
vestigation and  from  below  Grand  Summit  to  Cambridge, 
only  a  day.  According  to  Drs.  Beede  and  Sellards,  the  soil 
and  loose  material  had  been  removed  from  the  railroad  right 


•  Op.    ci/.,    vol.   X,    pp.    703-719,    and   date    of .  publication   was    prhr   to 

•  Kan.   Univ.   Quart.,   vol.   vi,   1897,   pp.   149-175. 
t  /did.,    pp.    152,    153. 

±  /did.,    pp.    160-162. 
S  /did .    pp.    166,    167. 
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of  way  in  the  vicinity  of  the  cuts  on  the  eastern  slope  of 
the  Flint  hills  to  the  west  of  Reece  just  previous  to  their 
work  so  that  there  were  "ideal  exposures  from  which  to 
make  exact  sections."  Their  detailed  studies  aided  by 
these  excellent  exposures  showed  that  the  upper  part  of  my 
section  needed  correction  as  they  have  indicated.  At  the 
time,  of  my  work  the  covered  slopes  misled  me  regarding 
the  thickness  of  the  strata  between  the  upper  cuts  so  that 
the  total  thickness  was  underestimated  and  the  upper  por- 
tion of  the  section  correlated  incorrectly.  No's.  13,  14,  and 
15  of  my  section  were  correlated  with  the  Strong  flint,* 
now  known  as  the  Wreford  limestone;  but  Beede  and  Sel- 
lards  show  that  only  No.  13  and  the  lower  15  feet,  8  inches 
(their  measurement)  of  No.  14  belong  in  the  Wreford  lime- 
stone, which  then  has  a  total  thickness  in  this  section  of 
over  2yyz  feet.  The  remainder  of  No.  14.  represents  the 
M'atfield  shales  with  a  thickness  of  from  58^^  feet  to  62  feet, 
T/hile  No.  15  is  the  Florence  flint  with  a  thickness  of  from 
213^  to  perhaps  25  feet.  The  correction  above  made  also 
applied  to  the  "section  of  Wreford  limestone  near  Summit 
Station"  given  in  the  Cottonwood  Falls  Folio,t  where  No's. 
I,  2  and  3  correspond  to  No's  13,  14  and  15  of  my  original 
section,  which  has  just  been  corrected.  Making  similar 
changes  in  the  Cottonwood  Falls  Folio,  No.  i,  with  the 
lower  15%  feet  of  No.  2  becomes  the  Wreford  limestone; 
the  remainder  of  No.  2  represents  the  Matfield  shales  and 
No.  3  the  Florence  flint.  The  statement,  farther  down  the 
same  column  of  the  Cottonwood  Falls  Folio,  that  the  maxi- 
mum thickness  of  the  Wreford  limestone  is  shown  at  this 
locality  should  also  be  corrected  because,  apparently,  only 
about  28  feet  is  shown. 

As  already  stated,  the  writer  had  but  a  day  for  the 
examination  of  the  section  from  Grand  Summit  to  Cam- 
bridge and  did  not  have  another  day  for  the  continuation 
-of  the  section  from  Cambridge  to  Burden.  For  the  general 
stratigraphy  of  the  region  he  depended  on  the  "Geologic 
section  from  Galena  to  Winfield  by  Geo.  I.  Adams,"t  on 
which  the  lower  limestone  on  the  eastern  side  of  the  Wal- 

•  Kan.    Univ.    Quart.,   vol.   vi,    p.   152. 

t  Geol.   Atlas   U.   S.,   No.   109,   1904,   p.   3,   col.    3. 

T  Univ.   Geol.   Surv.  Kansas,  vol.   i,  1896,  pi.   i. 
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nut  river  at  Winfield,  which  is  the  Fort  Riley  limestone^ 
when  followed  eastward  is  apparently  represented  as  out- 
cropping in  the  lower  part  of  the  slope  to  the  west  of  Cam- 
bridge. The  detailed  investigations  of  Dr.  Beede  from 
Grand  Summit  to  Burden  show  that  the  above  section  is 
incorrect  and  that  the  Wreford  limestone  occurs  at  a  higher 
position  than  the  supposed  outcrop  of  the  Fort  Riley  lime- 
stone. With  this  change  in  the  general  interpretation  of 
the  section  it  becomes  evident,  when  the  strata  are  followed 
eastward  to  the  railroad  cut  east  of  Grand  Summit,  that  my 
correlation  of  the  upper  limestones  there  exposed  with  the 
Strong,  now  called  Wreford  limestone,  is  erroneous.*  Dr. 
Beede  states  that  the  Wreford  limestone  caps  the  top  of  the 
hills  north  of  Grand  Summit  and  that  its  base  is  strati- 
graphically  at  least  90  feet  above  the  heavy  limestone  by  the 
last  railroad  cut  at  Grand  Summit.  This  shows  that  the 
very  fossiliferous  shales  and  shaly  limestones,  No.  28,  of  my 
section,  together  with  the  massive  limestone  below  No.  27, 
do  not  belong  in  the  Wreford  limestone  but  below  the  mid- 
dle of  the  next  older  formation,  the  Garrison.  The  state- 
pent  that  the  fossiliferous  shales  of  No.  28  of  the  Grand 
Summit  section  are  equivalent  to  No.  14  of  the  section  west 
of  Reece  is  incorrect*  as  well  as  that  in  the  Cottonwood 
Falls  Folio,  that  the  lower  25  feet  of  the  Wreford  limestone 
occurs  east  of  Grand  Summit  station,t  which  should  be 
omitted. 

It  is  clearly  shown  by  Beede  and  Sellards  in  the  above 
mentioned  paper  that  the  Wreford  limestone  is  a  conspicu- 
ous  formation  which  may  be  readily  followed  from  southern 
Nebraska  across  northern  and  central  Kansas,  at  least  into 
the  southern  part  of  the  latter  state.  This  is  fortunate  in 
case  the  Wreford  limestone  be  considered  the  base  of  the 
Permian  because  it  will  afford  a  marked  lithologic  break 
for  the  line  of  division  between  the  Permian  and  the  Car- 
boniferous. 

•  Kan.  Univ.  Quart,  vol.  vi.  1897.  pp.   160,   161.  163,   No's.   27  and    28    of 
the    "section    frorn   Grenola    to    Grand    Summit." 

•  p.    163. 

t  Geol.   Atlas,   U.   S..    No.   109,   p.   3,    col.  3. 
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THE  ATLANTIC  HIGHLANDS  SECTION  OF  THE  NEW  JERSEY 

CRETACIC* 

By  J.  K.  Prathbb,  Waco,  Texas. 

PLATES  Vm,  IX  and  X. 

The  sections  discussed  in  this  paper  are  located  near 
Atlantic  Highlands,  Monmouth  county,  New  Jersey,  along 
the  line  of  the  Central  Railroad  of  New  Jersey  from  the  sta- 
tion at  Bay  View  avenue  almost  to  the  next  stop  at  Water- 
witch  station. 

The  following  beds  are  found  in  this  section  :t 

Columbian  formation. 

Long  Branch  sand 4  ft. 

(  r     Red  Bank  100  ft 

Navesink 40  ft 

Mt..  Laurel  sand 50  ft 

r  Bay  View  Avenue  sand  35  ft 
!  (Upper  Hazlet  or  Wenonah  ?) 
I  Marshalltown  clays . . .  .*  30  ft 
1  Columbus  sand 10  ft 


Cretacic  (?) 
Pleistocene  (?) 


Monmouth. . 


Upper 
Cretacic       < 


1 


Upper       3 
Matawan  i 


Hazlet 
sand . . 


Besides  the  field  relations  of  these  beds  their  lithological 
character  was  subjected  to  a  careful  examination.  Samples 
of  the  beds  were  taken  at  intervals  as  indicated  by  the  let- 
ters on  the  section. 

Twenty  c.  c.  of  a  sample  was  put  in  a  wash  bottle  with 
an  equal  amount  of  soda  and  agitated  and  allowed  to  stand 
for  5  minutes,  i  hour,  and  24  hours  respectively,  and  de- 
canted. The  I  hour  and  24  hour  samples  contained  little 
else  than  fine  clay — the  character  of  the  other  samples  is 
given  in  a  table. 

T/ie  Long  Branch  Sand. 

A  yellow  quartz  sand  not  unlike  the.  Redbank  but  gen- 
erally has  more  ^wo,  clay  material.  It  is  about  4  feet  thick 
and  is  quite  persistent  in  its  occurrence.  Tliere  is  an  uncon- 
formity between  this  bed  and  the  Redbank.  Above  the 
Long  Branch  is  the  Columbian  gravel  with  an  uncomformity 
between  it  and  the  Long  Branch  sand. 

The  Long  Branch  was  considered  Miocene  by  Clark, 
but  Weller  has  found  Terebratula  harlani  and  Gryphcea  vest- 
cularis   besides  Brvozoa  and  considers  it  Cretacic* 


•  t'rom  **The  Cretacic  Clays  at  Atlantic  Highlands,  Now  Jersey.'  sub- 
mitted as  an  A.  M.  thesis  at  Columbia  i  nivfrsity,  April,   1I«06. 

t  For  a  complete  classitication  of  the  N^w  .Jers»  y  Cretacio  see  paper 
by  Stuart  Weller;  "The  Classification  of  the  I'pper  Cretaceous  Fornia- 
tions    and    Faunas    of    New    Jersey".  Journal  of  Geology,   vol.  xii.   Xo.   1. 

•  See  Weller*8  paper  previously  referred  to  (Journal  of  vjeology,  vol. 
Xii.  Na  1.  p.  82.) 
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The  Monmouth  Fortnalwn.  '   ■ 

This  includes  the  Redbank,  the  Navesink,  and  the  Mt. 
Laurel  sand,  and  was  so  named  by  Clark  from  its  typical 
exposure  in  Monmouth  county. 

Tie  RedbaHk  Formation. 

The  Redbank  formation  which  is  about  100  feet  thick  at 
Atlantic  Highlands  is  overlaid  by  the  Long  Branch  beds  or 
in  its  absence  by  the  Columbian  gravels,  and  rists  on  the 
Navesink  beds  below.  It  is  generally  of  a  bright  red  color 
probably  due,  as  Clark  states,  to  the  oxidization  of  the 
glauconite  grains  contained  in  it.  The  color  is  not  always 
a  deep  red  and  often  varies  from  almost  colorless  to  a  ver- 
milion. The  colors,  yellow,  slate,  salmon,  pink  and  red 
are  well  represented  in  the  samples  I  have  taken.  It  is  a 
sand  and  shows  by  its  thickness,  distribution  and  character 
of  its  material  that  it  marks  an  important  change  in  the 
history  of  the  Cretacic  beds  of  the  Atlantic  coastal  plain. 

At  the  top  of  the  Redbank  is  an  indurated  bed  called 
by  Weller  the  "Tinton  bed."  It  is  probably  represented  at 
Atlantic  Highlands  by  the  indurated  bed  which  occurs  just 
beyond  Hilton  station,  and  between  this  point  and  Water- 
witch  (see  plate).  This  bed  is  about  18  feet  thick  and 
higher  up  contains  pockets  of  greensand  which  still  retain 
the  green  color,  although  the  surrounding  material  is  red. 

Mica  flakes  are  very  abundant  in  the  Redbank,  and  are 
very  characteristic.  When  the  material  is  colored  a  deep 
red  there  seems  to  be  an  absence  of  glauconite  grains,  but 
grains  of  magnetite  are  found  which  might  have  resulted 
from  an  alteration  of  the  glauconite.  Somi;  pieces  of  limo- 
nite  about  the  size  of  one's  hand  were  collected  from  the 
Redbank.  which  must  be  considered  as  due  to  the  concentra- 
tion of  the  iron  derived  from  the  glauconite.  Samples 
examined  under  the  microscope  show  the  Redbank  sand  to 
be  composed  largely  of  quartz  grains  of  uniform  size  often 
cementetd  by  fine  clay  colored  by  iron.  M'ica,  magnetite, 
orthoclase,  microcline,  and  mornblende  are  common. 

Concretions  of  limestone  are  common,  both  rounded 
and  stalactitic  in  form. 

The  Redbank  forms  a  large  part  of  the  hills  around 
Atlantic  Highlands.     Its  thickness  and  color  make  it  an  im- 
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portant  and  characteristic  member  of  the  New  Jersey  Cre- 
tacic. 

Both  Cook  and  Clark  have  included  a  part  of  the  upper 
Navesink  with  the  Redbank,  but  the  lithological  character 
of  the  material  of  the  two  formations  is  so  different  (one 
being  a  quartz  sand  and  the  other  a  clay  or  glauconite  bed) 
that  the  line  of  separation  can  be  traced  without  mych 
difficulty.  The  material  of  these  beds  was  undoubtedly  de- 
rived from  the  older  rocks  to  the  southeast,  as  already  sug- 
gested by  Cook.*  Clark  gives  the  strike  North  50°  East 
with  a  dip  of  25  feet  to  the  mile. 

T/i^  Navesink  Marl, 

This  was  named  by  Clark  from  its  typical  development 
in  the  vicinity  of  the  "Highlands  of  Navesink,"  Monmouth 
county.  New  Jersey.  He  gives  its  thickness  as  30  to  50  feet 
with  the  same  <^ip  and  strike  as  the  Redbank.  This  is  one 
of  the  most  important  divisions  of  the  New  Jersey  beds, 
and  besides  yielding  300-400  species  of  invertebrates,  it  con- 
tains more  glauconite  on  the  whole  than  is  found  in  any 
other  of  the  divisions.  It  is  well  exposed  at  Atlantic  High- 
lands where  it  varies  from  10  to  50  feet  in  thickness.  It 
is  generally  of  a  dark  green  to  light  grey  color  while  some 
layers  are  so  dark  as  to  be  called  black.  These  dark  layers 
may  be  due  to  a  certain  amount  of  vegetable  matter  mixed 
with  the  glauconite.  The  light  grey  color  comes  from 
weathering  and  may  partly  be  due  to  the  decomposition  of 
the  pyrite  contained  in  the  bed.  The  dark  layer  which  is 
generally  about  10  feet  thick  may  even  assume  a  blue  color. 

There  are  three  distinct  fossil  beds  in  the  Navesink 
which  I  have  called  bed  i,  bed  2,  and  bed  3,  beginning  at  the 
top.  The  fossils  in  bed  i  (which  is  characterized  by  Exo- 
gyra  costata  and  Osirea  larva  are  replaced  by  limonite 
which,  being  characteristic,  separates  these  fossils  from 
those  of  the  other  two  beds.  Bed  2  is  the  Gryphcea  vesicu- 
aris  bed  which  also  contains  BelUmnitella  americana,  Os- 
irea larva,  Exoi^yra  costata,  and  Terrabratella  plicata.  The 
fossils  in  this  bed  have  the  parts  of  the  original  shells  while 
those  of  the  other  beds  are  chiefly  internal  molds.  There  is 
much  clay  mixed  with  the  glauconite  and  the  formation  on 
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the  whole  is  what  might  be  called  a  clay  g^een  sand.  Flakes 
of  mica  and  grains  of  quartz  and  feldspar,  chiefly  orthoclase, 
but  with  some  microcline,  are  numerous  throughout  the  bed. 
Hornblende  and  pyroxene  are  also  found  but  they  are  not 
so  common.  The  beds  weather  readily  under  the  influence 
of  the  atmospheric  agencies  and  much  trouble  is  experienced 
by  those  whose  houses  are  built  near  the  edge  of  the  bluffs 
on  account  of  the  tendency  of  the  material  to  slide  down. 
In  some  places  where  there  is  a  good  deal  of  water  per- 
colating over  the  embankment  the  material  becomes  hard 
and  smooth  and  changes  to  a  black  color.  The  glauconite 
grains  change  the  color  to  a  brownish  yellow,  to  a  black, 
.  to  a  dark  blue,  to  a  dark  green,  or  to  a  pea  g^een,  according 
to  the  state  of  decomposition.  The  beds  contain  pieces  of 
lignite,  and  I  collected  one  piece  about  5  inches  in  diameter 
and  about  8  inches  long.  It  was  broken  out  of  a  steep 
bank  and  part  of  it  was  left  in  the  bank.  Near  the  top  of 
the  Navesink  marl  is  a  clay  iron  stone  layer  2  to  4  feet  thick, 
containing  numerous  glauconite  grains.  These  are  held 
together  by  the  cementing  substances  of  the  clay  iron  stone 
which  is  a  mixture  of  limonite  and  clay.  The  iron  may 
have  been  originally  a  chemical  precipitate  or  it  may  have 
come  in  part  from  the  breaking  up  of  other  glauconite 
grains  which  had  been  formed  at  an  earlier  period.  Bed  i 
which  is  4  feet  to  20  feet  thick  is  a  clay  containing  numerous 
quartz  and  feldspar  grains  and  mica  flakes,  and  is  charac- 
terized by  the  filling  of  limonite  in  the  cracks,  which  are 
very  numerous  throughout.  The  color  of  the  material  of 
this  bed  is  a  light  grey.  Bed  2  is  a  mass  of  glauconite 
grains  embedded  in  a  clay  of  light  grey  color.  This  bed 
is  in  places  made  up  of  a  mass  of  shells.  It  contains  prac- 
tically  no   quartz  or  feldspar  grains  or   mica   flakes. 

For  separation  of  samples  from  Navesink  see  table. 

In  a  sample  (G*  taken  from  Bed  2  (^Gryphcea  vesicularis 
bed)  there  was  practically  nothing  besides  glauconite 
grains  and  a  few  shell  fragments.  Some  grains  of  pyrite 
were  found  and  some  shells  of  Foraminifera  (Nautilus  type ; 
Trochoid  type ;  Nucularia  type ;  Nodosaria  type)  were  noted. 

In  a  sample  (G*  taken  from  bed  3)  there  is  V2  quartz  and 
J4  glauconite.    There  are  well  formed  crystals  of  gypsum 
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in  this  bed  which  are  of  secondary  origin.  Many  samples 
of  the  Navesink  are  made  up  almost  entirely  of  glauconite 
grains  with  only  enough  fine  material  to  hold  them  together. 
The  glauconite  grains  may  be  only  slightly  altered  but  in 
some  instances  (sample  A^)  they  are  changed  to  a  dark 
brown  color,  when  it  takes  a  good  magnifying  glass  to  dis- 
tinguish them.  In  this  sample  mica  is  found  and  there  are 
some  quartz  grains  which  are  larger  and  more  rounded 
than  one  would  ordinarily  expect  from  the  sample.  The 
samples  grade  from  almost  pure  glauconite  to  no  glauconite 
grains  at  all,  and  mica  is  generally  absent  but  may  be  in 
certain  cases  abundant.  The  amount  of  quartz  is  variable, 
ranging  from  50%  to  zero.  The  feldspar  though  present 
only  shows  in  the  thin  sections  as  it  is  too  opaque  to  be 
told  without  grinding  down  the  sample. 

The  Navesink  is  marked  by  a  fossil  bed  near  its  base 
which  bed  is  very  persistent  along  the  whole  section,  and 
care  should  be  taken  not  to  confuse  these  fossils  and  assign 
them  to  the  beds  underneath  as  has  sometimes  been  incor- 
rectly done  by  some  of  our  best  workers. 

It  is  to  be  noted  on  the  whole  that  in  the  samples  taken 

•  

much  glauconite  is  found.  Besides  this  many  fragments  of 
the  older  rocks,  or  land  derived  material,  occur,  indicating 
a  near  shore  deposit.  There  is  much  argillaceous  material 
to  be  found  in  the  samples.  The  upper  part  contains  more 
land  derived  material  and  mica  flakes,  and  arenaceous  mate- 
rial is  more  common  in  this  part.  The  principal  fossil  bed 
which  is  designated  as  bed  3,  is  the  lowest  of  the  three 
beds  which  contains  the  fossils.*  It  is  of  varying  thickness, 
generally  about  3  feet  thick,  but  often  as  thick  as  10  feet. 
This  lower  fossil  bed  is  in  some  places  found  where  the 
two  beds,  bed  i  and  bed  2,  are  missing.  It  generally  con- 
tains a  considerable  amount  of  indurated  material.  The 
color  of  the  Navesink  beds  is  generally  darker  than  those 
of  the  Matawan,  and  they  contain  more  glauconite  and  less 
fine  material  and  do  not  contain  the  layers  and  pockets  of 
sand  or  of  clay,  which  characterize  the  Matawan  formation. 
There  is  an  uncomformitv  between  the  Navesink  and 
the  Redbank  showing  that  erosion  has  taken  place.     This 

*  For  a  list  of  species   see  below. 
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is  indicated  by  its  thinning  to  the  eastward  and  the  absence 
of  the  two  upper  fossil  beds  which  are  present  in  the 
western  part. 

The  character  of  the  beds  renders  them  easily  eroded 
and  the  exposures  are  constantly  changing  owing  to  the  un- 
dermining which  is  continually  going  on. 

Locally  the  Redbank  alternates  with  the  Navesink  due 
to  slipping.  At  one  T>lace  the  layers  can  he  traced  across 
and  a  drop  of  fifty  feet  is  noted. 

Fossils  from  the  Navesink. 

Owing  to  atmospheric  agencies  which  cause  the  higher 
parts  to  disintegrate  and  slide  down  over  the  more  basal 
portions,  it  becomes  necessary  that  the  fossils  of  each  bed 
be  carefully  collected  and  studied  so  as  to  separate  them,  for 
they  have  been  generally  intermixed.  I  have  found  fossils 
from  a  bed  at  the  top  of  a  bluflf  scattered  all  the  way  from 
the  top  to  the  bottom.  Both  Clark  and  Whitfield  state  that 
the  fossils  have  been  collected  and  labelled  in  such  a  way 
that  it  is  impossible  to  tell  in  many  instances  to  what  beds 
they  properly  belong. 

The  fossils  in  the  list  which  follows  arc  from  the  Nave- 
sink,  and  one  of  the  objects  of  this  paper  is  the  study  of 
this  particular  bed,  ascribing  to  it  the  fossils  which  belong 
'  to  it.  in  order  to  help  differentiate  the  fossils  and  assign 
them  to  the  beds  to  which  they  properly  belong. 

In  this  list  the  fossils  arc  indicated  as  follows:  very 
common;  common;  rare,  and  very  rare:  U=^  given  by 
Whitfield  from  upper  marl;  M^  given  by  Whitfield  from 
middle  marl. 


Natiea  Hbyeslna  (Morton) 

Voluntodorma  aboottl  (Gabb)... 
TurblnoiislB  elevata  (?)  (Whltf.) 
Odontotusus  medius  (Whltf.) . . . 
Rostellarla   conii>atla    (Whilf.).. 

Bulla  conica  (Wbllf.) 

Xenophora  laplforens   (Whltf.).. 

Liinatla  hall!    (CiabbI 

Calyptraphoii'.s  vehtius  (Conrad) 
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Qyrodefl  Infracarinata  (Gabb) 

'  Odontofu8iisrostellarolileB(Whttf) 
Trschytrlton  atlantlcum  (Whitf.) . 
Uodulus  lapldosua  (?)  (Wtaltr.)-- 
Turrltella  Tertebroldes   (Morton). 

Turblnella   (?)  parva  (Gabb) 

Trematof'jsus  Tenustus  (Wbitf.) . . 

Pyropals  perlata   (Conrad) 

Pyropala  relleyl    (Whltf.) 

Tudlcula  plonlmarglnaU  (Whltf.) 
PyropslB  trocblformls  Tuomey).. 

Roitellarla  spirata  (WhIU.) 

Pyropala  rlcbardBonl   (Tuomey).. 

Gyrodea  altlaplra  (Gabb) 

Roetellltee  angulatua  (Whltf,)... 
Volutomorpha  mucrooata  (Gabb) 

Volutomorpba  conradl  (Gabb) 

Rostellarla  doWIIb   (Whltf.) 

Volutoderma  ovata  (Whltf.) 

Turrltella  encrinoldea(  ?)  (Morton) 
Qyrodea  obtualvolva  (Gabb) . 
RoBtellltea  nasutus  (Gabb) . . 
Volutomorpha  pooderoaa  (Whltf.) 
Clthara  croswlckensle   (Whltf.). 

PyropslB  rotifer  ( ?)  (Gabb) 

Pyrtfuaua   turrltua   (Whltf.) 

OdontufusuB  typlouB  (Whitt.) . . . 
RoBtellltea  blcoaicua  (Whltf.).... 

Pyropala  corrlna    (Whltf.) 

GyrodeB  pctrosa  (Morton) 

Trachytrlton  multlvarlcoaum  (?) 

(Whltf.)    

Rostellarla   fuatformla    (Whltf.). 

Roatellarta  curta  (Whltf.) 

Turrltella  llpplncotti  (Whttf.),. 
Turblnella  ( ?)  vertlcalla  (Whltf.) 
Pyrlfuaus  multlcaensla  (Whltf.).. 
Anchura  compresBa  (Whltf.) 
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Ostrea  larva  (Lamark) 

OftM 

Bed  1,  2  &  3 

V 

Idonearca  antroaa   (Morton)... 

"3 

Idonearca  vulgaris   (Morton).. 

X 

Oatrpa  glandiformla  (Whltf,).., 

U 

V 

Claragella  armata  (Morton)... 

Legunien  appresaum  (Conrad) 

Dlceraa   dactylolda    (Whltf.)... 

X 

CardUim  prelongatum  (Whltf.) 

y 

Trtgonla  mortonl  (Whltf.) 

Exogyra  coBiata  (Say) 

"1,  2  &  3 

X 

Venlella  conradl    (Morton) 

"1  as 

X 

Dianchora  echlnata  (Morton).. 

y 

Nclthea     qulnqiiccostata      (La- 

mark)    

"3 

V 

Gryphaca  vosicuLarls  (Lamark) 

■■2  ft  3 

X 
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Veniella  auborallB  (Conrad) . . 

Lnclna  emockana  (Whltf.) 

LlthodoinuB  rlpleyaaa  (Oabb) . 

Area  quln decern radiata  [Gabbj 

Inoceramus  Bagensls  (Owen) . . 

Nemodon   anfaulensls    (Gabb) . 

Nemodon  angulatum   (Gabb) . . 

ClboCa  obesa    (Wbltf.) 

Nucula  Blacklana  (Gabb) 

Perrisonata  protezta  (Conrad) 

Vonlella  trlgona  (Oabb) 

Ltoplstha  protezta   (Conrad).. 

Area  tranBTerea    (Gabb) 

Blbota  uniopBis   (Conrad) 

Inoceramus  saeansls  var  quad- 
rauB    (Whltf.)    

Inoceramus   pnM>bllqua     ( ?) 
(Whltf.)    ...■ 

Pecten  venuatus    (Morton) 

Neithea  qulnquecostata  (La- 
mark)    

Ostrea  tecicosCa  (Oabb) 

Anonla  telllnotdes  (Morton)... 

Inoceramus  aagenslB  var  vanux- 

Graasatclla  rombea  (Whltf.) . . . 

Ostrea  larva  var  nasuta  (Mor- 
ton)    

Corblcula  species   

Panopea  dlclsa  (Conrad) 

Leloplstha  Inflata  (Whitf.) . . . . 

Pachycardlum  burllngtonease 
(Whltf.)   

QnathodOQ  tennldens   (WbltH.) 

Cyprlmerla  densata  (?)  (Con- 
rad)     

Cardlum  multlradlatum  (Gabb) 

Cardlum  dumosum   (Conrad).. 

Cyprlmerla    splHsa    (Conrad). . 

CrassatcUa  UCtoralis  (Conrad). 

DoBlnla  gabbl   (Whltf.) 

Crassltella  curta  (Conrad)  ( ?) . 

Lei c platha. pr fiesta  (Conrad).. 

Modiola  Inflata   (Whltf.) 

Bxogyra  lateralis    

Ejxogyra   costata    

CrasaatQlla  vadoaa  (Morton) . . . 

Crasaatelia  sp 

Corblcula  sp 

InoceramuB  sp 

Neltbea     qulnquecoetata     (La- 

Veleda  telllnoidea '( ?')'  (Whttf.) 

Donax  fordl  (Lea) 

Leptosolen  bipllcata  (Conrad) 
CaiUsta  delawarenBlB  (Oabb). 
Cyprlmerla  excavata  (Morton) 
Astarte  veta  (?)  (Conrad)... 
Panopea  olliptlca  (?)  (Wl-Att.) . 

Modiola  ap 

Cardlta  brlttcnt  (Whlit.) 


UftM 
UftM 
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Nuculana  apecles   

DOBinla   gabbl    (WblU.) 

CraasatolU  alta  (Conrad)... 
Gryphaea  (aeToral  apeclaa) . , 


MisecUancouB. 


CrabB    claws    (deacrlbed    by    H. 

A.  Ptllsbry  ?) 

Fish  vcrtebrs  (large  and  amall). 

Fish   teetb    (various   aizea) 

Sharks    teeth    (CeH'.racIont    and 

squalodonts) 

Coprolltes  ( Jifforent  kinds) , 

Belemaltella  amerlcana  (Morton) 


.Baculltes  compreseus  (Say)  Mor- 


Baculltea  ovatus  (Morton) 

Baeulliea  aaper  (Say) 

Nautilus  dekayl  (Morton) 

TurrllUea  pauper  (Wbltf.) 

Arcliltectonica  aancsa  (Co.irad) . . 
Heterococeras  conradi   (Morton) 

Gabb 

Tcrebratella  pHcata  (Say) 

Bryozoa  

Serpula  oretacea  (Conrad)    (T),, 

Plant  remalna  (7) 

Gastrochfcna  amerlcana  (Gabb).. 
Dentalium  aubarcuatum  (Conrad) 

Dental  1  u m  (alca turn  (Conrad) 

Sillqnarta  pauperaU  (Whltt.) 

Margarltella  abbottl    (Gabb) 

Keptunla  efi 


Aft.  Laurel  Sand. 
Clark   gives  the   Mt.   Laurel   sand   as   5   feet  thick  at 
Atlantic  Highlands,  and  includes  it  with  the  Navesing  and 
with  the  Redbank  in  the  Monmouth  formation. 

At  Atlantic  Highlands  it  appears  as  an  oxidized  zone  be- 
neath the'Navesink  and  is  about  5  feet  thick.  It  was  traced 
from  Bay  View  avenue  station  at  Atlantic  Highlands  in  the 
direction  of  Hiltons  for  a  distance  of  800  feet  when  it 
grades  into  the  Marshalltown  clay  bed  and  disappears. 
Bay  View  A«enue  Lens  (?). 
This  is  5  feet  wide  and  250  feet  in  length  and  seems  to 
be  part  of  the  Navesink.  It  is  a  dark  glauconite  (see  sample 
C)  bed  and  contains  about  %%  of  quartz  grains  and  the 
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rest  grains  of  glauconite  cemented  by  clay.  No  mica  flakes 
noted  in  this  sample.  It  is  a  very  dark  color  which  may  in 
part  be  due  to  the  presence  of  a  certain  amount  of  vegetable 
matter.  It  lies  below  the  lighter  colored  green  sand  of  the 
Navesink  (samples  C*  and  C)  and  rests  above  Bay  View 
lens  No.  3. 

The  Matawan  Formation. 

In  the  western  part  of  the  Atlantic  Highlands  section 
the  Mt.  Laurel  sand  is  underlaid  by  a  quartz*  sand  forma- 
tion 35  feet  thick,  which  can  be  traced  eastward  for  800  feet 
when  it  merges  into  the  Marshalltown  clay. 

The  Matawan  divisions  at  Atlantic  Highlands  are  in- 
cluded under  Clark's  Hazlet  sand  or  Upper  Matawan.  The 
divisions  are  "Bay  View  Avenue  sand/'  (which  I  have  named 
provisionally,  which  represents  uppermost  Hazlet,  and  may 
be  Knapp's  Wenonah  sand).  Below  this  sand,  near  Bay 
View  avenue,  is  30  feet  of  the  dark  laminated  Marshalltown 
clay.  This  latter  is  43  feet  thick  at  the  eastern  end  of  the 
section  where  it  has  replaced  the  Bay  View  Avenue  sand. 
Below  this  forming  the  base  of  the  section  throughout  is  the 
Columbus  sand  which  grades  upward  into  the  Marshalltown 
clay.  The  Marshalltown  clay  here  is  at  the  top  marked  by 
an  unconformity. 

The  Matawan  beds  at  Atlantic  Highlands  are  not  very 
fossiliferous,  and  besides  fragments  of  a  crab's  claw  there 
were  few  fossils  obtained  from  them. 

From  samples  examined  with  the  microscope  it  was 
shown  that  the  material  composing  the  beds  was  largely 
quartz  grains  both  rounded,  flattened,  and  angular,  together 
with  some.glauconite  grains  and  mica  flakes.  Also  in  some 
samples  hornblende,  gypsum,  pyrite,  serpentine,  orthoclase, 
microcline,  pyroxene,  etc.  were  found.  There  is  more  or 
less  clay  with  glauconite  grains  either  disseminated  or  in 
pockets.  The  strike  is  northeast  to  southwest — dip  25  feet 
to  the  mile  as  given  by  Clark. 

Following  are  the  detailed  characters  of  the  various 
members  of  the  Matawan  series  beginning  with  the  highest. 

Bay  View  Avenue  Sand. 
This  is  so  named  from  Bav  View  avenue  station  near 
Atlantic  Highlands  where  it  occurs.     It  is  from  15  feet  to 
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25  feet  in  thickness  and  extends  from  Bay  View  avenue  in 
the  direction  of  Hiltons  some  800  feet..  It  is  a  sand  as 
shown  when  separated  and  examined  under  the  miscoscopc 
although  it  appears  at  first  sight  to  be  a  compact  clay.  It  is 
sometimes  found  as  one  bed,  or  may  be  made  up  of  a  num- 
ber of  small  beds  or  lenses  of  only  local  extent  varying  in 
thickness  from  2  feet  to  8  feet  (see  lenses  4  and  5).  The 
color  varies  from  white  to  yellow,  salmon,  brown,  orange, 
and  red.  It  is  made  up  almost  entirely  of  quartz  grains 
with  grains  of  iron,  probably  magnetite,  mica,  and  some 
glauconite.  The  quartz  grains  are  both  angular  arid  round- 
ed and  are  generally  of  uniform  size,  although  larger  and 
more  rounded  quartz  grains  are  noted.  It  rests  above  the 
Marshalltown  clay  and  below  the  Navesink  and  Mt.  Laurel, 
although  the  upper  Marshalltown  clay  seems  to  be  about 
the  same  age.  Sometimes  it  is  coarse  like  an  ordinary  sand, 
and  again  it  is  finer  grained  like  a  clay.  This  is  probably 
the  upper  part  of  the  Hazlet  sand  of  Clark.  Part  of  it  may 
correspond  to  the  Wenonah  sand  of  the  New  Jersey  survey, 
although  on  account  of  local  variation  it  does  not  seem  to 
fit  this  so  well,  and  is  therefore  given  a  local  name. 

Bay  Yiew  Avenue  Lenses^  (I),  (3),  (^),  and  (5). 

These  four  lenses  are  included  as  part  of  the  Bay  View 
Avenue  sand  and  as  part  of  the  Mt.  Laurel  sand.  No.  (i) 
is  4  feet  thick  and  120  feet  long;  No.  (3)  is  4  feet,  5  inches 
thick  and  120  feet  long;  No.  (4)  is  2  feet  thick  and  130  feet 
long;  and  No.  (5)  is  2  feet  thick  and  70  feet  long. 

No.  (i)  is  very  fine  grained  and  of  a  light  color.  It 
contains  quartz  and  mica  but  has  so  much  fine  clay  as  to 
render  it  a  clay  rather  than  a  sand,  and  causes  it  to  break 
into  hard  lumps. 

No.  (3)  is  much  coarser  and  more  arenaceous  than  No. 
(i)  and  contains  more  glauconite  and  more  quartz  and  less 
fine  clay.  It  is  a  brown  color  and  readily  separates  into  a 
sand.     Nos.  (i)  and  (3)  are  part  of  the  Mt.  Laurel  sand. 

No.  (4)  is  jine  grained  like  No.  (i)  but  of  coarser  grain. 
It  breaks  up  into  lumps  and  has  so  much  fine  clay  as  to 
make  it  a  clay  rather  than  a  sand.  It  contains  quartz  and 
mica  but  the  clay  predominates.  It  is  of  a  light  grey  color 
and  contains  very  little  glauconite. 
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Xo.  (5)  is  a  brown  sand  but  fine  grained  and  contain- 
ing much  fine  clay.  The  grains  of  quartz  and  mica  arc 
also  ver\-  small.  Xos.  (4)  and  (5)  are  part  of  the  Bay  View 
Avenue  sand. 

Marshailiown  Clay. 

The  bed  here  identified  is  from  15  feet  to  43  feet  thick 
and  extends  from  200  feet  from  Bav  Mew  avenue  to  near 
Hiltons  station.  It  represents  part  of  the  Hazlet  sand  of 
Qark  and  would  correspond  to  the  (Clay  marl  4)  Marshall- 
towTi  bed  of  Knapp.  It  is  a  dark  colored  clay  which  varies 
in  color  from  black  to  a  light  grey,  when  it  has  a  silvery 
or  micaceous  appearance.  Examined  under  the  microscope 
It  is  found  to  be  composed  largely  of  clay  and  quartz 
grams,  and  some  mica  flakes.  It  is  finer  grained,  darker  in 
color  and  ver>-  different  from  the  beds,  one  above,  and  the 
other  below  it,  for  they  are  arenaceous  (silic  arenites)  and 
composed  largely  of  quartz  g^rains.  while  this  bed  is  more 
of  a  clay  or  clay  marl.  It  might  be  suitable  for  making 
brick  or  certain  grades  of  earthenware.  It  is  finer  grained 
than  the  Xavesink  which  rests  above  it  in  pan  of  the  sec- 
tion, but.  in  the  rest  of  the  section,  the  bed  called  Bav 
View  Ave'^nue  sand  comes  in  between.  It  contains  verv 
little  glauconite  and  is  generally  ver>'  fine  grained  and  con- 
tains much  fine  quartz  and  mica  and  a  good  deal  of  fine  clay. 

Cs^^umhus  SjtJ. 

This  generally  occurs  at  the  base  of  the  sections  from 
Bay  View  avenue  to  near  Hiltons.  It  represents  the  Upper 
Hazlet  sand  of  Clark.  It  seems  to  be  a  part  of  the  over- 
Iving  bed  in  certain  instances  and  lenses  v^>  and  (7)  of 
this  sand  are  included  in  the  Marshalltown  clav  above.  It 
varies  in  color  from  white  to  yellow  and  red.  may  even 
assume  a  slate  color  owing  to  the  clay  present  in  it.  It 
contains  int  erst  ratified  layers  of  slate  CvMored  clay  which  is 
ver>-  smooth  and  fine  grained.  It  is  n^.ade  up  largely  of 
quart 7  grains  of  variable  sire,  and  often  highly  colored. 
It  contains  numerous  flakes  of  mica  and  many  grains  of 
glauconite  scattered  thn.nigh  it^  some  of  which  have  been 
altered  to  iron  compounds.  Besides  the  color,  the  pieces 
of  clay  and  the  mica  flakes  are  most  characteristic.  It 
>*aries  in  thickness  from  5  feet  to  25  feet  althoagh  on  ac- 
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count  of  being  at  the  base,  it  is  not  always  completely 
posed. 

SECTIONS. 

The  following  sections  taken  at  intervals  give  the  de- 
tail of  the  formations: 

Section  250  feet  from^Bay  View  Avenue. 

fi.»iT%ioo    Conglomerate   at  top 2  ft.    Columbian  graTel 

samples    g^^^^  3^    ^^^  Branch. 


^Navesink. 


Bay  View  Avenue 
sand. 


Bl  ft  B2  Light  greensand   10  ft 

B3 Dark  greensand  6  ft 

B4 Fossil  bed  with  glauconite 

grains 6  ft 

^^ Light  clay  (cream  colored)  ! 

with      few       glauconite  >Mt.  Laurel  sand, 

grains  (Lens  1) 4  ft  j 

B6  &  Ba  Brown  clay  containing 
much  quartz  grains  and 
mica  and  with  glauco- 
nite grains  disseminated 
through  it   12  ft 

B7 Dark  clay  made  up  largely         ') 

of  clay  and  a  good  many         VMarshalltown 
quartz  and  mica  grains  11  ft.  J 
Light   gray    sand    largely  l 

quartz   with   some   mica  [Columbus 

with  interstratifled    lay-  j  sand, 

ers  of  clay  6  ft.  J 

Section  450  feet  from  Bay  View  Avenue, 


Upper 
Matawan 

or 
(Hazlet 
sand) 


Samples . 


Quartz  pebbles  (conglomerate)  at  top 

2  feet  

Quartz  sand  5  feet 


Columbian 
Long  Branch 


CI    Light  greensand  chiefly  glauconite 7  ft. 

Grains  cemented. 
Cb    Dark  greensand  most  all  glauconite 5  ft 

Grains  cemented  together  (Lens  2). 


Navesink 
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'G2    Brcvi^   clay,   light    brown  ^ 

color    and    with    much  j^Mt  Laurel 

quartz   (Lens  3) 4.5  ftj 

C8  Brown  clay,  still  lighter 
color  than  preceding  but 
composed  of  same  ma- 
terials (Lens  4) 2  ft 


•04  Brownish  yellow  clay  made 
up  largely  of  quartz 
grains   (Lens  5) 2  ft 

-C6  Light  brown  clay  with 
quartz  grains  and  flakes 
of  mica  embedded  in 
the  clay  ground  mass..     15  ft 

•C6    Dark  grey  clay  with  fine  | 

quartz  grains  12  ft  j 

C7    Light    grey    sand    largely  1 
quartz   and   some   mica 
with  interstratifled  lay- 
ers of  clay 8  ft. 


Bay  View  Avenue 
sand. 


Marshall  town 


.Columbus  sand. 


Upper 

Matawao 

or 

f  (Haile^ 
sanO) 


J 


Section  in  bend  of  Creek  800  feet  ^om  Bay  View  Avenae. 


Samples.     Quartz  pebbles  and  sand 


20  tL  i 


Columbian  3ft 
Long  Branch  6  ft 
Redbank  12  ft 


D2  Grecneand  dark  colored  and 
made  up  largely  of  glau- 
conite  grains  cemented 
*and  with  some  grains  of 
quartz  and  mica  scatter- 
ed throush  (♦) 10  ft 

Dl  Dark  clay  made  up  largely 
of  clay  and  a  good  many 
quartz  and   mica  grains.  35  ft. 


>  Navesink 


^Marshalltown 


Dark  gray  sand,  largely 
quartz  with  some  mica 
and  Interstratifled  with 
layers  of  clay 6  ft] 


Columbus  sand 


Upper 

'Matawan,  or 
(Haslet  sand) 


•  Buth  the  Bay  View  AvenuA  aandaiiA  thA  Mt  Laurel    sand    gndm 
Inta  the  Marshalltown  days  h«r«  aaddlMppMr. 
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Section  1250  feet  from  Bay  View  Avenue, 

Quartz  pebbles  at  top 6  ft    Columbian  gravel 

Quartz  sand 5  ft    Loifg  Branch 


E2  Quartz  sand,^  salmon  color- 
ed made  up  of  quartz  and 
some  mica  and  magne* 
tite  grains  6  ft. 

B3  Light  colored  clay  with 
quartz  and  mica  in  large 
flakes  and  some  glau- 
conite  but  glauconite 
rat'ier  rare  20  ft. 

1D4    Dark  sreeu  and  layers  com-  ^ 

posed       of       glauconite  I 

crains  cemented  10  ft  f 

Light  greens  and  layers 10  ft  J 


Redbank 


Navesink 


Navesink 


E5  Dark  grey  clay  made  up 
largely  of  clay  with  much 
quartz  and  mica 25 


ft) 


Marshalltown 


B6  Light  and  dark  grey  to  yel- 
low sand  with  inters trati- 
fled  layers  of  clay.  The 
material  is  largely  grains 
of  quartz  with  large  mica 
flakes  and  some  grains 
cf   glauconite 20  ft  J 


»  Columbus  sand 


Upper 
Matawan 

or 
(Hazlet 
sand) 


Section  1600  feet  from  Bay  View  Avenue. 

o«.««i«„     Quartz  pebbles   10  ft    Columbian 

Samples.    ^^^^  ^  ^^    Long  Branch 


Fa  &  Fl 
F2 


Red  sand  changing  from  dark 
red  to  yellow  salmon,  grey,  &c., 
largely  quartz 9.6  ft    Redbank 

Light  green  sand 10  ft 


Dark  greens  and  nearly  all  glau- 
conite grains  cemented  to- 
gether   1^  '^ 

Light  green  sand 10  ft. 


^Navesink 


Dark   green    clay    made    up   of 
quartz  and  mica  grains  in  clay  25 


ftl 


] 


Marshalltown     |  Matawan 

>  (Hazlet 


Light  colored  quartz  sand  with  >  Columbus  sand 

layers  of  intei stratified  clay. .     5  ft. ) 


sand) 
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Section  3960  fset  from  Bay  View  Avenae. 

Quartz  pebbles  and  sand 10  ft.       ColamMta 

Sand 5  ft.        Long  Branch 

Red    sand    largely    made    up    of   quartz 
grains     with     some     hard     cemented  >>   Redbank 

pieces   90  ft. 


Gl,  G2,  G3 


Glauconite  beds  with  much 
clay  and  quartz  grains 
near  the  top  and  with 
less  quartz  and  more 
glauconite  near  the  mid- 
dle and  bottom,  and 
with  numerous  fossils  es- 
pecially in  bed  3  or  basal 
portion  of  bed 20  ft. 


'  Navesink 


These  sections  and  the  intervening  parts  are  shown 
on  the  drawing  made  to  scale  from  measurements  and 
notes  taken  in  the  field  (Plate  x).  The  sections  were  drawn 
to  scale  on  tracing  cloth  and  taken  into  the  field  and  the 
beds  separately  traced  out  and  mapped  and  the  intervals 
filled  in  while  in  the  field.  The  letters  Ai,  Bi,  &c,  refer  to 
samples  of  the  beds,  located  on  the  section  at  the  points 
where  they  were  taken.     (See  also  plates  viii  and  ix). 
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CONTRIBUTIONS  FROM  THE  MINERALOQICAL  LABORATORY 
OF  THE  UNIVERSITY  OF  WISCONSIN. 

By  William  Hbjmbbt  Hobbs,  JCadlson,  WU.,  Asaisted  by  others. 

PIxA.TB  XI. 

In  the  following  pages  have  been  brought  together  a 
number  of  brief  statements  which  it  is  thought  are  deserv- 
ing of  being  placed  upon  record.  Undertaken  from  time  to 
time  as  material  has  come  to  the  laboratory  they  have 
been  allowed  to  wait  until  collectively  they  had  a  value 
which  individually  would  not  belong  to  them.  The  econ- 
omical and  mineralogical  work  has  been  carried  out  in  part 
by  the  professor  in  charge  of  the  department,  or  by  his 
students,  but  generally  in  collaboration.  Credit  for  work 
is  given  in  connection  with  the  individual  contributions. 

a.  Analysis  of  Huebnerite  from  Dragoon  Summit , 
Ariz.*  by  S.  V.  Peppel.  The  specimens  of  this  mineral  arc 
cleavage  blades  from  large  hair  brown  crystals  two  inches 
or  more  in  length.  An  analysis  of  them  yielded  the  fol- 
lowing results: 

SiCPt   1.10 

WO«  75.10 

MnO 22.87 

FeO 81 


99.88 
The  re-calculated  analysis  excludes  the  silica,  which  is 
probably  included  material.     This  analysis  appears  below  in 
column  I,  and  in  column  11  is  given  the  theoretical  com- 
position of  pure  huebnerite. 

L  n. 

WO« :...  76.13  76.6 

MnO 23.15  23.4 

FeO 82 


100.00  100.00 

b.     Quartz  Crystals  from  near  Las  Vegas^  N,  M,    These 

specimens  were  received  from  Mrs.  A.  P.  Buck,  East  Las 
Vegas,  N.  M.  They  constitute  numerous  double-termin- 
ated crystals  of  clear  colorless  quartz  of  great  pellucidity 
resembling  in  habit  the  Herkimer  quartzes  from  New  York 

•  This  occurrance   has   been   described  by  W.  P.  Blake  in  the  Mineral 
Industry,    vol.    7,    1899,   pp.    720-722. 

t  And  oxides   of  columbium  group.  If    present. 
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state.  In  common  with  Herkimer  quartzes,  also,  these 
crystals  are  found  with  much  lustrous  black  material  which 
glows  and  becomes  white  on  ignition  and  appears  to  be 
in  part  like  the  included  material  of  the  Herkimer  crystals. 
The  crystals  sent  are  somewhat  smaller  than  the  average 
of  those  obtained  from  Herkimer  county,  but  they  yet  re- 
semble them  quite  closely.  These  crystals  are  re- 
ported by  Mrs.  Buck  to  occur  in  "veins"  in  the  high  country 
near  Las  Vegas,  hundreds  being  there  found  in  each  shovel- 
ful of  earth,  and  the  best  crystals  being  obtained  in  pockets 
along  with  the  lustrous  black  material  of  which,  however, 
only  a  small  amount  was  included  with  the  sample. 

c,  Calcite^  Sphalerite^  and  Pyrite  from  Oshkosh,  Wis- 
consin. The  specimens  of  these  minerals  were  collected 
from  the  dolomyte  quarry  one  mile  southwest  of  the  city  of 
Oshkosh  and  presented  to  the  university  of  Wisconsin  by 
Mr.  T.  J.  Thorson.  The  calcite  shows  two  habits ;  one  hav- 
ing the  form  r,  (loii)  unmodified,  the  other  exhibiting  the 
forms  f,  — 2R  (0221)  ;  v,  R*  (2131)  ;  e,  — >4R,  (01 12)  ;  m,  oop 

(lOio)  ;  and  r,  R  (loii),  the  latter  form  small. 

The  sphalerite  shows  the  ordinary  combination  of  do- 
decahedron  and  trapezohedron  (311). 

//.  Minerals  from  Eau  Claire^  Wiseonsin,  Specimens 
of  pyrite,  marcasite,  sphalerite,  chaicopyrite,  and  dolomite 
have  been  obtained  from  this  locality.  The  pyrite  occurs 
in  well  formed  octahedral  crystals  up  to  J^  centimeter  in 
diameter,  with  the  cube  and  dodecahedron  truncating  the 
angles  and  edges  respectively.  The  crystals  show  a  green- 
ish to  bluish  iridescence.  Marcasite  occurs  together  with 
the  pyrite  and  in  the  common  tabular  forms  which  are 
bounded  by  the  base,  unit  prism,  and  one  or  more  of  the 
brachy-domes  v.  and  1.  The  dolomite  occurs  in  a  simple 
rhombohedron,  while  the  chaicopyrite  is  found  only  massive. 

e.  Dolomiie  and  white  Zinc  Oxide  from  Highland^ 
Wisconsin.  The  dolomite  occurs  in  lenses  of  small  gray 
and  curving  faced  rhombohedrons  with  dimensions  of  a  few 
millimeters  only.  The  specimen  of  zinc  oxide  was  pre- 
sented by  Mr.  Richard  Kennedy,  mining  expert,  resident  at 
Highland.     This  material  is  quite  massive  and  forms  a  coat- 
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ing  on  the  limestone  of  the  district.  Its  surface  is  botry- 
oidal  and  the  mineral  has  the  appearance  of  having  been 
sublimed  upon  the  surface.  In  color  it  is  almost  pure  white 
resembling  mag^esite;  but  ignited  on  charcoal  it  becomes 
yellow,  cooling  to  white,  and  with  cobalt  solution^  gives  the 
usual  color  of  zinc  compounds.  It  dissolves  readily  in  hy- 
drochloric acid. 

/.  Other  Unreported  Occurrences  of  Wisconsin  Min- 
erals. Other  minerals  which  are  not  upon  record,  and 
which  have  been  found  in  Wisconsin  are  given  below. 

Pyrrhotite  from  Mountain  post  office,  where  it  is  found 
in  quite  extensive  deposits  entirely  massive  in  appearance. 

Barite  from  Belmont,  which  occurs  with  brown  blades 
as  imperfect  crystals  up  to  4  or  5  centimeters  in  length. 

Limonite  pseudomorphs  after  marcasite  from  Madison. 
These  latter  pseudomorphs  show  the  combination  of  the 
prism  m  with  either  v  or  1. 

Malachite ;  Baraboo,  Sauk  county. 

Chalcopyrite,  cuprite,  and  malachite;  Boscobel. 

Chalcopyrite,  malachite ;  Soldier's  Grove  and  Wayne. 

Graphite;  Marshfield. 

g.  Minerals  from  Helderberg  Limestone  of  Tiffin ^  Ohio, 
The  University  of  Wisconsin  is  indebted  to  professor  M.  E. 
Kleckner  of  Heidelberg  university  located  at  Tiffin,  for  a 
small  collection  of  minerals  from  the  quarries  at  that  place. 
According  to  professor  Kleckner  the  limestone  of  the  dis- 
trict is  part  Niagara  and  part  Helderberg,  and  it  is  in  the 
latter  that  the  crystallized  minerals  have- been  found.  They 
occur  as  the  lining  of  cavities  some  of  which  have  a 
diameter,  as  indicated  by  specimens  received,  of  one  to  two 
decimeters.  Certain  layers  in  one  of  the  quarries  have 
many  filled  cavities  of  cylindrical  shape  which  have  become 
known  to  the  quarry-men  as  "plugs."  These  seldom  ex- 
tend through  more  than  a  single  layer  of  the  limestone. 
The  minerals  of  this  plug  are  the  same  as  those  filling  the 
other  cavities ;  namely,  calcite,  celestite,  fluorite,  and  sphal- 
erite. 

The  calcite  is  the  most  abundant  of  the  minerals  lining 
the  geodes,  and  occurs  in  two  different  habits.     The  first 
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shows  small  yellow  crystals  ^4  centimeter  in  length  with 

the  habit  determined  by  the  form  f,  — 2R  (0221)  unmodified. 
The  other  type  shows  larger  crystals  of  "dog  tooth"  habit 
Which  are  often  several  centimeters  in  length.  These 
crystals  like  the  others  are  of  a  pale  yellow  color  and  their 

habit  is  determined  by  d,  — 8R  (0881)  with  which  is  gen- 
erally present  e,  — J/$R  (01 12)  and  t,  J^R"  (2134)  and  some- 
times V,  R"  (2131).  The  faces  are  more  or  less  dull,  and 
frequently  vicinal,  but  allow  their  angles  to  be  read  with 
sufficient  accuracy  for  a  determination  of  the  forms. 

The  celestite  occurs  in  tabular  to  bladed  crystals  vary- 
ing in  size  from  one-half  to  several  centimeters  in  their  di- 
mensions. The  color  is  a  pale  blue,  as  in  the  case  of  the 
well  known  celestite  from  Put-in-Bay  on  lake  Erie.  The 
base  is  always  the  tabular  plane  and  the  macro-diagonal  the 
axis  of  greatest  development.    The  forms  present  are,  in 

the  order  of  relative  size,  c,  oop  (001)  ;  d,  j^P  (112) ;  o,  Poo 
(on)  ;  m,  CX)P  (no)  ;  and  z,  P  (in). 

The  crystals  of  fluor  spar  are  associated  with  the  calcite 
and  the  celestite  in  the  cavities.  They  are  cubes  and  cubo- 
octahedrons  made  up  of  well-rounded  sub-individuals,  and 
sometimes  attain  to  a  size  of  two  or  more  centimeters  along 
the  cubic  edge.  Some  crystals  are  nearly  colorless  and 
quite  clear;  others  have  areas  colored  yellow,  but  the  ma- 
jority of  those  examined  have  a  rich  brown  color  between 
that  of  smoky  quartz  and  of  the  well-known  brown  siderites 
from  Roxbury,  Connecticut. 

A  mineral  much  less  common  in  the  geodes  is  sphaler- 
ite, which  appears  in  distinct  crystals  a  centimeter  or  more 
in  diameter.  The  color  is  that  of  a  light  "rosin  jack"  and 
would  match  the  color  of  the  well  known  sphalerites  from 
Joplin,  Missouri.  Like  the  latter,  also,  the  combination 
found  upon  the  Tiffin  sphalerite  is  that  of  the  dodecahedron 
with  the  common  trapezohedron  (311). 

h,  Calcite  from  Grand  Rapids,  Michigan,  Specimens 
of  calcite  from  Grand  Rapids,  Michigan  were  received  from 
Mr.  J.  C.  Ulman  of  Ashland,  Wisconsin.  He  collected  them 
in  1894.  According  to  his  statement  the  crystals  are  found 
in  seams  and  cavities  in  the  limestone  which  forms  the  bed 
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of  the  Gr^nd  river,  coffer  dams  having  been  built  and  the 
rock  quarried  both  for  lime  and  for  road  metal.  The  lime- 
stone is  traversed  by  a  vertical  vein  of  barite,  containing 
well  developed  crystals.  Two  miles  down  the  river  the 
limestone  dips  under  the  well  known  gypsum  beds  of  the 
vicinity.  The  rock  in  which  the  crystals  here  described 
were  found,  is  a  dark  gray  to  white  compact  limestone  with 
cavities  which  in  many  of  the  specimens  were  lined  with  a 
film  of  pyrite,  to  which  the  calcite  crystals  are  attached. 
These  crystals  have  been  studied  at  the  university  by  Mr. 
W.  M.  Kennedy.  The  habit  of  the  calcite  is  either  scalen- 
ohedral  or  rhombohedral,  the  latter  variety  being  white 
and  the  former  when  found  alone  of  a  brownish-yellow 
color.  Twins  are  common,  the  twinning  plane  being  a  face 
of  the  fundamental  rhombohedron.  Superimposed  upon 
some  of  the  larger  crystals  are  numerous  smaller  and  much 
distorted  individuals  so  flattened  as  to  resemble  in  form  the 
tooth  of  a  shark,  the  orientation  being,  however,  the  same 
for  both  larger  and  smaller  crystals.  The  following  forms 
were  observed : 

r,  R  (1011)  M.  R  V    (7.  4.  11.  3) 

0,  — }  H  (0554)  *,  H  I    (11.  16.  5  6) 

X,— JR  (0994)  and 

D,  —3  R  (0331)  1.  —V  R  (11.  0.  11.  3)  doubtful. 

Tra,-^  R  (O.  11.  ii.  3) 
^  R»  (213i) 
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Fig;  1.    Development  of  calclte  cxystals  from  Grand  Rapids* 
Michigan.    The  angles  which  determined  the  forms  were  as  follows: 


Obs. 

Calc. 

Dlff. 

00'  (polar) 

84*»23' 

84*»32%' 

—9%' 

pp' 

35*»33' 

35*»36' 

—3' 

rw 

29**  5' 

29**  2' 

+3' 

DD' 

32M0' 

32*»36' 

+4' 

MM' 

40«  3' 

40**  3' 

0 

r  M 

33**  0' 

32*»57' 

+3' 

rw 

29*»52' 

29**  54' 

—2' 

r  « 

116*»  (K 

116*»57' 

+8' 

rl 

106**  0'. 

105*»59' 

+1' 

The  new  form  R  f  was  found  on  a  number  of  crystals 
and  was  accordingly  determined.  The  form  I  was  found  on 
but  one  crystal,  though  here  with  a  large  development. 
See  fig.  I. 

The  crystals  represent  a  number  of  distinct  habits 
among  which  is  the  barrel-shaped  type  of  fig.  2.  There  is 
also  another  "nail-head"  type,  and  a  very  steep  rhombohe- 
dral  type. 


Fig.  2.  Barrel-shaped  type  of  caldte  from  Tiffin.  Ohio. 
/.  Epsomite  and  Alunogen  from  the  Cripple  Creek 
District^  Colorado.  These  specimens  which  were  among 
the  collections  of  the  university  ©f  Wisconsin  have  been 
analyzed,  the  first  mentioned  by  Mr.  W.  O.  Hotchkiss,  and 
the  last  mentioned  by  both  Mr.  Hotchkiss  and  Mr.  R.  M. 
Chapman.     Their  results  follow: 

^^ Epsomite*'*  from  Cripple  Creek  District^  Colorado. 

Analyzed  by  W.  O.  Hotchkiss. 

MgO 19.35 

SC 38.51 

H^O 42.03 

99.89 


Mineralogical  Contributions-'Hobbs.  185 

^^Ahinogen*'  from  Cripple  Creek  Dutrict^  Colorado.   , 

Analyzed  by  W.  O.  Hotchklss  and  R.  M.  Chapman* 

Hotchkiss.        Chapman. 

A1«0« 8.28  9.41 

MgO 14.44  4.40 

SO* 34.06  43.74 

IPO 43.86  43.86 


100.64  101.41 

The  close  similarity  of  the  two  minerals  makes  it  diffi- 
cult to  obtain  a  perfect  separation  of  them,  and  this  chiefly 
explains  the  variation  observed  between  the  analysis  quoted. 

J.  Crystallized  Copper  from  Soudan^  Minn.  A  very 
interesting  and  almost  unique  example  of  metallic  copper  in 
association  with  hematite  is  the  occurrence  at  the  Minnesota 
mine  in  the  Vermilion  iron-bearing  district  of  Minnesota. 
As  this  occurrence  does  not  appear  to  have  been  figured, 
the  beauty  of  the  films  and  trees  seems  to  warrant  its  repre- 
sentation, which  is  given  in  plate  xi.  Although  the  occur- 
rence has  been  described,*  it  does  not  appear  to  be  well 
known,  the  place  of  publication  not  being  well  known  to 
mineralogists.  The  occurrence  is  also  casually  mentioned 
by  Clements.t  Together  with  the  hematite  in  association 
with  the  copper  are  found  cuprite,  malachite,  and  azurite. 
The  copper  minerals  occur,  in  a  narrow  seam  in  brecciated' 
hematite,  the  only  place  where  it  is  found  in  the  region  or 
in  any  of  the  iron-bearing  districts  of  lake  Superior.  This 
rare  occurrence  should  be  considered  in  connection  with  the 
discovery  by  Haworth  of  thin  films  of  native  copper  in  red 
clay  shales  near  Enid,  Oklahoma.^  In  both  occurrences  the 
copper  is  extremely  limited  and  generally  found  in  thin 
films  upon  apparent  fissures.  Though  the  Soudan  occur- 
rence was  apparently  not  known  to  Haworth  at  the  time 
his  paper  was  read,  he  has  suggested  the  same  explanation, 
namely ;  the  reduction  of  the  copper  by  the  oxidation  of  the 
ferrous  iron  compound, 

•  J.  H.  Ebt.  »Dd  Charles  P.  Bkrkbt.  Copper  minerals  in  hemaUte 
ore.  The  Year  Book  of  the  Society  of  Engrineers,  university  of  Minne- 
sota, 1897,  pp.  108-117.  Reprinted  from  the  Proceedinifs  of  the  L«ake  Su- 
perior Mining  Institute,  vol.  4,  1896,  pp.  69-79. 

t  J.  MoROAN  Clkmbntr.  The  Vermilion  Iron  bearlngr  district  of  Minne- 
sota. Mon.  46,  U.  S.  G.  S.  1903.  pd.  112,  134.  N.  H.  Winchsll  Metallic 
Copper.       Final  report,  Minnesota  Q«0k>g1cal  durvey,   vol.  &,  p.   8S6,  1900. 
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It  is  interesting  to  note  that  beautifully  crystallized 
copper  has  been  produced  in  trees  resembling  the  aborescent 
native  copper  of  the  Soudan  occurrence  through  electroly- 
sis.* This  copper  was  formed  at  the  lower  corner  of  a  full 
sized  kathode  operating  under  bad  conditions  in  an  insoluble 
anode  tank,  presumably  with  very  high  current  density. 
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Stracttire  of  some  Cephalopoda,  by  R.  Rubdbmann.  [Report  of  New 
York  State  Paleontologist  1903,  Albany,  1906]. 

Notes  on  the  apical  end  of  the  sipbnncle  in  some  Canadian  Bndo- 
ceratidae,  &e.    by  J.  F.  Whitbavbs    [American  Geologist,  Jan« 

.    1905). 
Deber  die  eocambriscbe  Cepbalopodengattung  Volbortbella,  Schmidt. 

von  A.  Karpinsky,    (Verhandl.  niss.  miner.  Gesell.  Bd.  xll,  11^  pp. 

81-42]. 

These  papers  with  that  of  G.  Holm  1896  on  the  formation  of 
the  endoslphon  In  the  EndoceratldsB  help  greatly  to  a  proper  under- 
standing of  the  Initial  stage  of  the  shell  In  the  early  cephalopods. 

Especially  Is  this  the  case  with  the  first-named  essay,  based 
upon  excellent  material  from  the  oldest  Ordovlclan  limestones  of 
lake  Champlaln.  The  essay  Is  valuable  not  only  for  what  It  tells 
us  about  the  Heekmantown  cephalopods,  but  also  for  the  synopsis 
which  It  contains  of  the  work  of  other  observers  In  this  field  of  re- 
search— ^Barrande,  Dewltz,  Whitfield,  Dawson,  Hyatt,  Holm,  Foord, 
Clarke  and  others. 

Ruedemann's  work  Is  based  chiefly  on  the  species  Camerocera, 
brainerdi  Whitfield,  and  fully  describes  the  delicate  chltlnous  and 
chltlno-calcareous  parts  of  the  envelope  In  this  species,  which  pre- 
ceded the  formation  of  the  calcareous  shell.  The  assumption  of 
the  calcareous  habit  Is  plainly  shown  In  the  Individual  history  of 
these  shells,  as  It  Is  In  several  of  the  Hyolllhldse  of  an  earlier  date. 
Dr.  Ruedemann's  work  Is  abundantly  Illustrated  with  wood  cuts  In 
the  text  and  a  series  of  plates  at  Its  close.  C.  brainerdi  began  in  a 
small  cylindrical  tube  (endoslphotube,  page  320)  which  became  dif- 
ferentiated by  the  addition  of  an  outward  enclosing  tube  (endosl- 
phocoleon).    The  first  named  tube  fades  out  or  loses  Its  chlten. 


t  E.  Haworth.  Native  copper  n«ar  Enid.  Oklahoma,  Bull.  Geol.  Soc. 
Am.,  vol.  12,  1901,  pp.  2-4. 

♦  Lawrbncb  Addiokr.  Electrolytic  copper.  Electro-chemical  and 
metalhirgrical    Industries,    vol.    3.  1905,   p.    167.   f\e. 
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leaving  the  latter  as  the  endosiphon,  Chltenous  or  sub-chitenous 
supports  (endosiphoblades,  Ac.)  passing  to  the  walls  of  the  slphun- 
ole  held  this  endosiphon  in  its  place. 

Gerard  Holm  has  found  quite  similar  structures,  though  not  so 
complete,  in  Vaginoceras  basaliforme.  The  stage  of  the  single 
worm-like  tube  in  Cameroceras  is  rightly  regarded  by  Ruedemann 
as  an  important  accession  to  our  knowledge  of  the  initial  structures 
in  the  early  cephalopods. 

Dr.  Whiteaves'  paper  also  has  plates,  two  in  number  ,which 
present  the  characters  of  two  new  species  of  Bndoceratites,  based 
on  the  siphuncle,  from  Canadian  localities*  Nanna  primaevas  and 
N.  kingstonensis.  In  the  latter  which  is  represented  by  casts  of 
the  siphuncle,  the  impression  of  the  septal  necks  is  finely  shown, 
and  the  forward  curve  of  the  septal  rings  is  well  marked. 

A.  Karpinsky  has  made  a  fresh  study  of  Schmidt's  genus  Vol- 
borthella  (V.  tennais)  from  the  "blue  clay"  of  the  Lower  Cambrian 
of  Reval  in  the  Baltic  provinces  of  Russia.  He  sustains  the  view 
of  Schmidt  that  this  organism  is  a  cephalopod,  since  he  found  it 
characterized  by  a  slphonal  tube.  It  is  a  long  space  in  geological 
time  between  this  organism  and  the  oldest  known  chambered  ceph- 
alopod; perhaps  the  connection  between  Volborthella  and  the  lat- 
ter has  been  through  some  of  the  shells  classed  with  the  Hyolithidsd 
to  which  Volborthella  bears  a  close  resemblance.  Between  the 
"blue  clay"  and  the  Beekmantown  horizon  four  Cambrian  faunas 
intervene — Paradoxides.  Olenus,  Peltura  and  Dictyonema — in  which  * 
no  recognized  orthoceratites  are  known.  w.  u, 

The  Copper  Handbook,  a  Manual  of  the  Copper  Industry  of  the 
World.  Vol  V,  for  the  year  1904.  Compiled  and  published  by 
Horace  J.  Stevens^  Pages  882.  Houghton,  Mich.,  1905. 
This  is  the  fifth  yearly  issue  of  a  very  comprehensive  and  use- 
ful handbook.  It  contains  chapters  on  the  history,  geology,  chem- 
istry and  mineralogy,  metallurgy,  and  uses  of  copper;  a  glossary 
of  mining  terms;  details  of  copper  deposits  in  all  parts  of  the 
world;  a  very  extensive  alphabetic  list,  in  683  pages,  describing  all 
the  copper  mines  of  the  world,  and  noting  all  companies  engaged 
in  copper  production;  and  statistics,  in  38  pages.  Concerning  the 
very  important  and  recent  uses  of  this  metal  for  telegraph  and  tele- 
phone wires  and  a  multitude  of  other  electric  appliances,  the  com- 
piler writes:  "Copper  is  the  foundation  of  the  Electric  Age,  just 
as  it  was  the  fundamental  metal  in  the  Age  of  Brbnze,  some 
millenniums  ago.  ♦  ♦  ♦  A  full  enumeration  of  the  electrical 
uses  of  copper  would  require  a  volume."  w    u. 

The  Honorable   Peter    Whit;'.     A    Biographical  Sketch   of  the    Lake 

Superior  Iron  Country.      By  Ralph  D.  Williams        Pages    205; 

with  many  portraits  and  other  illustrations.    Cleveland,  Ohio, 

1905. 

A  very  interesting  biography  of  the  most  prominent  promoter 
of  the  mining  of  iron  ores  in  the  upper  peninsular  of  Michigan  is 
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here  presented,  with  chapters  also  on  the  great  iron  ranges  of 
Wisconsin  and  Minnesota.  The  marvelously  large  and  growing 
traffic  that  passes  through  the  Sault  Ste.  Marie  canals,  hoth  on  the 
United  States  and  Canadian  sides,  and  the  semi-centennial  celebra- 
tion of  the  opening  of  the  first  canal  there,  are  very  folly  treated. 
Not  only  biography  and  history,  but  the  economic  development  of 
the  lake  Superior  region^  so  far  as  it  has  depended  on  iron  ore 
production,  are  yiyidly  depicted;  and  in  all  the  wonderful  progress 
of  that  region  during  the  past  fifty  y^ars  the  subject  of  this  bio- 
graphy was  a  conspicuous  part.  w.  u. 
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Notes  on  Fossils  Obtained  at  Sankatv  HEAn,  Nantucket  ik 
JoLY  1905  —Through  the  kindness  of  members  of  the  Nantucket 
Maria  Mitchell  Association  I  was  fortunate  enough  to  malie  a  buo- 
(iesstul  collecting  trip  to  the  exposure  at  Sankaty  Head  In  July  of 
the  past  summer.  By  tbe  united  efforts  of  the  party  a  section 
through  the  fossillferoue  beds  was  laid  bare  and  then  worked 
systematically.  The  results  of  the  collecting  in  this  manner  and 
also  by  looking  over  the  loose  material  were  very  gratifying.  The 
material  thrown  out  In  the  previous  year's  excavating  by  Mr.  J. 
Howard  Wilson  was  well  worked  over  by  tbe  rains  of  tbe  prerloiu 
winter  and  spring.  In  tbe  small  gullies  at  the  base  of  this  material 
small  shells  and  crab  claws  were  easily  seen  although  very  bard 
to  see  In  the  freshly  expoaed  matcrlaL  As  a  result  of  this  searoh- 
Ing  a  considerable  number  of  small  abells  and  crab  claws  were 
obtained. 
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One  of  the  finds  here  was  a  single  specimen  of  Scala 


,  making  the  first  specimen  of  this  species  known  from 

these  deposits.  The  specimen  was  excellently  preserved.  A  single 
specimen  of  Scala  grocnlandica  Perry,  was  found  here  many  years 
ago  and  was  noted  in  the  writer's  previous  list  of  the  Sankaty  Head 
fossils. 

■  

Another  species  of  interest  was  Ceritbiopsia  greenn  C.  B.  Adams, 
of  which  but  very  few  specimens  have  been  found  at  this  locality. 
This  specimen  was  also  excellently  preserved,  showing  the  proto- 
conch  complete. 

Among  the  smaller  shells  collected  were  several  species  of 
Odostomia.  Of  these  the  two  species  previously  reported  from 
Sankaty — Odostomia  impressa  Say  and  O.  triBda  Gould, — ^were  the 
most  common,  the  former  being  represented  by  at  least  three  times 
as  many  specimens  as  the  latter.  Besides  these  two  species  there 
were  found  O.  fasca  C  B.  Adams,  O.  bisuturalis  Say,  and  O.  semi- 
nuda  C.  B.  Adams.  These  three  species  have  not  previously  been 
reported  from  Sankaty. 

Among  other  things  of  interest  was  the  finding  of  Area  poa- 
derosa  Say  in  situ,  both  valves  being  together  and  in  the  position 
of  life.  This  species  was  previously  known  from  this  locality  by  a 
single  valve  found  by  the  writer  among  the  material  collected  by 
Dr.  Scudder.  Other  pelecypods  were  found  in  the  lower  layer  with 
both  valves  attached  and  the  shell  in  the  natural  position.  This 
tends  to  show  that  the  shells  of  this  layer  at  least  are  in  situ  and 
not  secondarily  deposited. 

The  crab  claws  collected  included  three  species.  They  were 
identified  by  Miss  M.  J.  Rathbun  as  Callinectea  aapidtts  Rathbon, 
Eapanopeas  berbatii  Milne  Edwards  and  Neopanopc  texana  aayi 
Smith.  The  last  was  much  more  common  than  either  of  the  other 
species. 

In  the  collection  at  Nantucket  were  found  two  other  species 
of  very  considerable  interest  as  they  were  unknown  from  this 
locality  at  the  time  of  publication  of  the  former  list  (Am.  Geo!.  voL 
xxxiv.  Sept,  1904).  These  include  a  specimen  of  Sipho  atimpaoni 
Mdrch,  with  an  excellently  preserved  protoconch  and  a  large  speci- 
men of  Cbryaodomua  decemcoatatna  Say.  This  latter  is  a  fairly 
complete  specimen,  part  of  the  body  whorl  being  broken  away,  but 
the  spire  in  good  shape. 

JOSSPH   A.   CUSHMAN. 

Beaton  Society  of  Natural  Hiatorjr,  September,  1905. 

FisLD  Gbology  in  Ohio  State  University.  Bach  spring  term  an 
elective  course  in  Field  Geology  is  offered  by  professor  Prosser  for 
advanced  undergraduate  and  graduate  students.  The  purpose  of 
the  course  is  to  acquaint  the  student  with  the  formations  as  they 
are  seen  in  the  field  and  to  train  him  in  the  methods  of  investigSr 
tton  employed  by  the  working  geologist.  The  course  consists  of 
field  excursions,  laboratory  work  and  study  of  libiury  references. 
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In  the  field  the  formations  are  carefully  studied,  Identified  and 
measured  preparatory  to  making  sections  and  writing  detailed 
descriptions  which  ultimately  take  the  form  of  a  thesis.  In  the 
laboratory,  characteristic  fossils  of  the  various  formations  are 
identified  and  the  literature  of  the  region  under  investigation  care- 
fully studied.  Last  term  fifteen  students  registered  in  this  course, 
two  of  whom  were  girls,  and  the  latter  were  as  energetic  and  en- 
thusiastic as  the  men.  The  usual  equipment  for  the  trips  consisted 
of  barometers,  hand-levels  and  staff,  tape  lines,  hammers,  chisels, 
collecting  bags  and  camera.  A  trip  was  made  each  Saturday  dur- 
ing the  term,  with  one  exception,  although  the  spring  was  un- 
favorable for  field  work  on  account  of  the  frequent  and  heavy 
rainstorms. 

Ohio  state  university  is  well  situated  for  geological  work  since 
every  formation  of  central  Ohio  is  readily  reached  by  one  or  more 
of  the  numerous  steam  or  electric  railways  radiating  from  Colum- 
bus. Ehrery  formation  of  the  state  from  the  Richmond  to  the  Alle- 
gheny inclusive  was  studied  in  the  field  save  the  local  and  rela- 
tively unimportant  Hillsboro  sandstone.  The  distance  traveled 
aggregated  about  500  miles. 

The  longest  and  most  interesting  trips  from  the  standpoint  of 
stratigraphy  and  paleontology  were  to  Zanesvllle  in  Muskingum 
county  and  to  Waynesville  in  Warren  county.  The  latter  occupied 
two  days  and  included  trips  to  the  beautiful  gorges  at  Cedarvllle, 
Clifton  and  Yellow  Springs.  Goe's  Station  to  the  south  of  Yellow 
Springs  was  also  visited,  at  this  time,  where  the  mottled  clays  of 
the  Saluda,  the  Belfast  bed  and  CllntGn  limestone  are  excellently 
shown  in  a  small  ravine  near  the  former  residence  of  Mr.  Goe.  The 
heavy  rains  had  thoroughly  washed  all  of  the  small  gullies  on  the 
hillside  and  the  mottled  clays  of  the  Saluda  were  shown  at  their 
best.  •  All  of  the  sub-divisions  of  the  "Niagara"  of  Ohio,  with  the 
exception  of  the  Hillsboro  sandstone,  were  studied  at  Yellow 
Springs.  Clifton  and  Cedarvllle.  The  Osgood  or  Niagara  shale  is 
best  exposed  on  the  bank  of  Cascade  glen  at  Yellow  Springs,  while 
farther  up  the  stream  are  outorops  of  the  West  Union,  Springfield 
and  Cedarvllle  limestones.  The  gorge  of  the  Little  Miami  river 
below  Clifton  Is  famous  as  one  of  the  most  picturesque  localities 
in  southwestern  Ohio,  its  jDanks  formed  by  the  Springfield  and 
Cedarvllle  limestones.  On  Massie's  creek,  however,  a  little  below 
Cedarvllle  is  a  vertical  cliff  which  is  one  of  the  most  interesting 
places  in  this  region  since  it  shows  the  contact  of  the  Osgood  shale 
and  West  ITnlon  limestone,  the  entire  thickness  of  the  West  Union 
and  its  contact  with  the  superjacent  Cedarvllle  limestone.  In  this 
vicinity  is  a  most  clearly  marked  old  channel  of  the  creek,  the  bed 
of  which  is  now  dry  and  covered  with  grass.  The  Monroe  forma- 
tion, or  Waterlime  of  the  Ohio  reports,  occurs  to  the  west  of 
Columbus  and  one  day  was  devoted  to  the  study  of  several  of  its 
outcrops    which    involved    a    tramp    of    some    twelve    miles.     The 
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Devonian  limestones  and  shales  are  excellently  exposed  on  the 
Scioto  river  and  its  tributaries  and  the  various  formations  of  the. 
Waverly  series  on  the  streams  to  the  east  of  Columbus  within  a 
distance  of  from  ten  to  thirty-five  miles.  All  of  these  formations 
were  carefully  studied  using  for  a  guide  the  recent  papers  of 
professor  Prosser  in  which  they  have  been  fully  described.  The 
youngest  Carboniferous  formations  studied  were  seen  at  Zanesville, 
sixty  miles  east  of  Columbus,  where  the  Lower  Mercer  limestone 
occurs  in  the  bed  of  the  Muskingum  river,  and  Putnam  Hill  and  the 
adjacent  ones  show  the  succeeding  members  of  the  PottsviUe  and 
Allegheny  formations  as  high  as  the  Freeport  sandstone. 

Georgb  F.  Lamb. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


Mr.  J.  E  Spurr  of  the  U.  S.  Geol.  Sur.  has  resigned  to 
accept  a  position  with  the  Guggenheim  Exploration  Co. 
Mr.  Spurr  has  been  connected  with  the  survey  for  ten 
years  and  was  previously  with  the  Minnesota  Geol.  and  Nat. 
Hist.  Survey.  He  has  written  reports  on  the  Mesabi 
range,  the  Mercur,  Aspen,  Monte  Christe,  Klondyke  and 
Tonopah  districts  and  was  to  have  studied  the  Goldfield 
district  this  year.  His  work  there  will  be  taken  up  by  Mr. 
F.  L.  Ransorae. 

We  ARE  GRATIFIED  TO  LEARN  that  we  havc  been  misin- 
formed in  regard  to  a  change  in  the  geological  survey  of 
Michigan. — Dr.  A.  C.  Lane  is  still  the  able  director  of  that 
survey.  During  the  present  season  much  active  work  is 
going  on.  Professor  Russell  is  making  an  examination  of 
the  surface  geology  in  the  Upper  Peninsula,  and  Mr.  Frank 
Leverett  of  the  United  States  survey  is  on  the  same  problem. 
They  are  working  in  cooperation.  And  at  the  same  time 
professor  C.  A.  Davis  of  the  university  is  studying  the  de- 
velopment and  ecolog>'  of  the  peat  bog  flora.  Mr.  W.  C. 
Gordon  is  completing  a  careful  cross  section  of  the  copper- 
bearing  formation,  to  determine  the  different  horizons,  near 
the  Wisconsin  line.  Professor  W.  M.  Gregory  is  finishing 
his  report  on  Arenac  county.  Mr.  W.  F.  Cooper  is  working 
on  the  Wayne  county  report  and  watching  the  shaft  going 
down  to  rock  salt,  near  Detroit.  The  state  geologist  is  en- 
gaged in  detailed  studies  in  the  copper  region. 

Since  the  recent  reorganization  of  the  Louisiana 
Survey  two  volumes  have  been  published  on  the  geology  of 
the  state,  and  are  known  generally  as  the  "Report  of  1899" 
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and  the  "Report  of  1902."  In  preparing  the  "Report  of 
1905"  it  has  seemed  advisable  owing  to  the  diversity  of 
subject  matter,  to  publish  the  same  in  parts  and,  as  usual, 
style  such  parts  "Bulletins."  ^Bulletin  No.  i — Underground 
Waters  of  Louisiana;  Bulletin  No.  2 — Magnetic  Survey  of 
Louisiana ;  and  Bulletin  No.  3 — Tide  Gage  Work  in  Louisi- 
ana, have  already  been  published  and  may  be  had  gratis 
by  addressing  Dr.  W.  R.  Dodson,  director  Experiment  Sta- 
tion, Louisiana,  at  Baton  Rouge,  La.  For  the  reports  of 
1899  and  1902  address  "Director  Sugar  Experiment  Sta.," 
Audubon  Park,  New  Orleans,  La. 

Students  in  the  Intercollegiate  summer  field  course  in 
the  geology  of  the  Appalachian  region  spent  the  first  week 
in  studying  the  formations  of  the  Coastal  Plain  of  Maryland 
under  the  direction  of  Dr.  Clark  of  Johns  Hopkins  univer- 
sity and  Dr.  Miller  of  Bryn  Mawr  college.  Professors  Bib- 
bins  of  the  Woman's  college  of  Baltimore,  Cleland  of  Wil- 
liams college  and  Westgate  of  Ohio  Wesleyan  university 
were  also  members  of  the  party.  The  boat  of  the  city  en- 
gineer of  Baltimore  and  the  private  yacht  of  the  governor  of 
Maryland  were  generously  placed  at  the  disposal  of  the  par- 
ty which  greatly  facilitated  the  work.  The  second  week 
under  the  direction  of  professor  Davis  of  Harvard  was  spent 
in  central  Pennsylvania  in  studying  the  Appalachian  struc- 
ture and  physiography.  Professors  Cleland,  Westgate, 
Prosser  of  Ohio  State  university  and  Rice  of  Wesleyan  uni- 
versity of  Connecticut  participated  in  this  work.  The  third 
week  was  spent  studying  the  formations  of  central  New 
York,  with  headquarters  at  Syracuse,  under  the  direction 
of  professor  Hopkins  of  Syracuse  university.  From  Wed- 
nesday to  Saturday  of  this  week  Section  E  of  the  American 
Association  for  the  Advancement  of  Science  was  in  session 
at  Syracuse  and  the  following  well  known  geologists  partici- 
pated in  some  of  the  excursions :  Rice,  Prosser,  Taylor  of 
Indiana,  David  White  of  the  \J.  S.  Geol.  Sur.,  Hovey  of  the 
American  Museum  of  Natural  History,  Fairchild  of  Roches- 
ter university,  Cushing  of  Western  Reserve  and  Grabau  of 
Columbia  university.  The  party  left  Syracuse  Saturday 
with  professor  Cushing  who  directetd  the  study  of  the  pre- 
Cambrian  crystalline  and  Ordovician  formations  of  the  Mo- 
hawk valley  during  the  fourth  week  of  the  course. 
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TEN  YEARS  PROGRESS  IN    THE    MAMMALIAN    PALvEONTOL- 
OQY  OF  NORTH  AMERICA.* 
By  Prof.  Bikrv  FAmriELD  Osbobn.  LL.  T>;  D   Bt.,  Mew  York. 

Members  of  the  Congress, 

I  believe  that  what  yoii  as  specialists  in  the  many  di- 
verse branches  of  zoology  most  desire  to  hear,  are  the 
salient  results  of  our  recent  explorations  in  America,  and 
their  broader  bearings  on  the  general  principles  of  zoology. 

In  1878,  the  late  professor  O.  C.  Marsh  published  his 
notable  address  entitled;  Introduction  and  Succeaaion  of 
Vertebrate  Life  in  North  America'.  Fifteen  years  later  I 
published  a  somewhat  similar  review  entitled:  JUteofths 
Mammalia  in  North  America'.  In  the  ten  years  which 
have  elapsed  exploration  has  not  only  been  on  a  larger  scale' 
than  ever  before,  but  also  more  thorough  as  well  as  guided 
bythe  constantly  broadening  aspects  of  the  science. 

fhe  initial  plan  of  the  pa lieo zoological  survey  under- 
taken by  the  American  Museum  was  threefold:  it  was  so  far 
as  possible  to  secure  not  only  (i)  a  complete  representation 
of  certain  families  of  mammals,  as  was  done  for  mono- 
graphic purposes  by  Marsh  (i.e.Dinocerata,  Brontotheriidas) 


„  .         .    .  ,'  the  secrelary. 

2  Proc.   Aroer.   Absoc.    Adv.   Scl..   NaBlivill 

3  Amer.   Jour.   Bel.  13.  xlvi,  1S93.  pp.  ST^-SS! 
K  Large  collecMonB   havt-  been   secured    bj 

UoJvtraity    aiirt    Iho    Unlvcrntty   (it   CnUfoini, 

Pittsburgh,  the  Fitld  Columbian  Mueeum.  (.  nnnBu.  uiiu  some  lew  iioui- 
tlona  have  been  made  to  the  famous  collection  brought  togelber  by 
protMSor    MtBiH    ut    Tnle    I'nlverslty. 

TTie  Department  of  Vertebrate  Palaeontology  In  the  American  Mu- 
■auin  of  Natural  History  wnr  tciunded  with  (he  present  writer  as  Curator 
tn  Un.  Awoclated  with  him  nt  vnriouB  times  were  the  Following  loolo- 
nna  and  poIaeontologlBts:  HcBfm  VTohtiiin.  Matthew,  Earli.  Oiulbt 
wbA  Aainn.  PobbU  mammals  brought  from  the  West,  secured  by  ft- 
«**»»•-  And  bj  purchase.  — >••>.--  -■--  — ■—  _.....  —  .__  .  .._-  .. 
-  "^■«rd  D.  Cope, 
-llection  la  alsi 
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<2).  a  complete  representation  of  certain  contemporary 
faimas.  as  was  <lone  chiefly  by  the  late  professor  Edward  D. 
Cope  (e.  g.  the  Puercoand  John  Day  faunas),  but  in  addition 
(3)  to  secure  complete  phyletic  series  of  various  families  of 
mammals  in  successive  geological  horizons  from  their  intro- 
duction to  their  extinction  (compare  Fig,  2),  In  each  of 
these  features  of  our  plan  we  have  been  rewarded  with  a 
success  far  beyond  our  most  sanguine  expectations.  Our 
large  collections  studied  by  friendly  cooperation  in  connec- 
tion with  those  of  other  institutions,  and  large  collections 
studied  independently  in  other  institutions,  notably  Prince- 
ton and  the  Carnegie  Museum,  have  naturally  brought  into 
3  new  light  some  of  tlie  important  general  principles  of 
palseozooiogy. 

T.  Progress  in  the  General  Principles  of  Palasozoologj'. 
Paheoyeography — The  first  broader  bearing  is  that  of 
past  distribution  and  pa l^o geography,  in  which  the  accuracy 
of  our  records^  and  thoroughness  of  our  search  are  working 
a  revolution.  We  arc  finding  the  remains  of  animals  which 
have  recently  arrived  from  South  America,  Asia.  Europe' 
and  .Africa',  and  it  would  he  impossible  to  narrow  the  field 
of  .American  fossil  nianinialogy  even  if  we  desired  to  do  so. 
The  broad  study  of  intercontinental  evolution  and  relations 
of  the  mammals  is  absolutely  essential  to  a  philosophijial 
understanding.  Those  who  have  followed  the  rapid  recent 
progress  of  palieontology  know  that  this  spirit  of  uniting 
palieontology  ever  more  closely  with  distribution  and  palaeo- 
geography  is  that  which  constantly  animates  the  older  as 
well  as  many  of  the  younger  workers  in  this  field. 

Zoological  methods— '/.ooXogy  in  the  sense  of  studying 
extinct  forms  as  living  organisms  is  also  becoming  closer 
day  hy  day,  and  we  are  now  enjoying  the  recognition  by 
mammalogists  (Weber',  Beddard')  of  the  absolute  necessity 
of  coupling  the  stiid  of  ance  tnl  tl  that  of  1  e  recent 
forms  in  all  quest  ons  I  oth  of  I    tr  b  t  o     a    1     f  cla  s  fica- 
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tion.  In  connection  with  distribution  our  chief  advance  has 
been  to  determine  the  exact  geographical  location  and 
chronological  succession  of  animals,  the  local  conditions  of 
geological  deposition  in  relation  to  habits  and  habitat  or  en- 
vironment, as  well  as  its  bearing  upon  the  study  of  past  cli-, 
mates,  or  what  may  be  called  palaeometeorology. 

Adaptive  radiation^  continental — In  connection  with 
the  comparison  of  mammals  in  their  intercontinental  as  well 
as  in  their  continental  relations,  the  branching  system  of 
Lamarck  and  the  divergence  which  impressed  Darwin  is 
perhaps  most  clearly  expressed  by  the  word  ^'radiation"*. 
Elsewhere  the  conception  of  adaptive  radiation  has  been 
fully  developed  in  connection  with  the  origin  of  certain 
orders\ 

It  may  here  be  briefly  pointed  out  that  Africa*,  South 
America,  North  America  and  Eurasia  prove  to  have  been 
the  three  chief  geographical  centres  of  ordinal  radiation. 

Adaptive  radiation,  local.^  ^Quite  as  important,  al- 
though not  carried  on  so  grand  a  scale,  is  the  local  adaptive 
radiation  which  brings  about  a  diversity  of  type  in  the  same 
geographical  regions  and  is  the  basis  of  the  polyphyletic  law 
of  which  we  shall  next  speak.  It  is  perhaps  best  illustrated 
by  the  Ungulates.  In  addition  to  (i)  digital  reduction 
(Kowalevsky)  and  (2)  carpal  and  tarsal  displacement 
(Cope,  Osborn)  in  relation  to  the  choice  of  harder  and 
softer  ground,  there  is  recognized  (3)  after  the  primary  con- 
version of  semi-unguiculate  into  ungulate  types,  a  reversed 
conversion  of  ungulate  types  into  clawed  types,  as  seen  in 
Dichobune  (Artiodactyla),  Chalicotherium  (Perissodactyla), 
and  perhaps  in  an  incipient  stage  in  Agriochoerus  (Artiodac- 
tyla)  ;  (4)  secondary  adoption  of  aquatic  habits,  as  seen,  for 
example,  in  the  Amynodontidae  among  the  Rhinocerotoidea. 
Divergence  by  the  above  factors  has  long  been  recognized. 
There  are  also  to  be  seen  phyletic  series  combining  in  vari- 
ous ways  either  of  the  following  eight  conditions  of  foot, 


3  OftBORN    H     F.,     Rise     of   the     Mammalia.       Proc.    Amer.    Association, 
Adv.  Sci..  vol.  xlii,  1893.  p.  215. 

4  Adaptive    Radiation    of     Orders     and     Families         Ann.   N.    Y.   Acad.   Sci. 
vol.    xiii.    \%K\    pp     49-51. 

5  Ann.    N.    Y.    Acad.    Sci.   xill.   19<>0.   pp.   56-58. 

6  Ohbobn,    H.    F..    Th:    Law    of   Adaptive    Radiation.      Amor.   Nat.   xxxvl, 
1902,    pp.    353-S63. 
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Primitive  Condition. 


(5)   Mesaticephaly       < 


skull  and  tooth  structure,  which  are  not  found  to  be  neces- 
sarily correlated : 

Secondary  Condition. 

(6)  Elongation  (dolichocephaly) 
of  skull 

(7)  Abbreviation      (brachyceph- 
aly )  of  skull 

(9)   Elongation  (dolichopody)  of 

limbs 
(10)   Abbreviation      (brachypody 

of  limbs 
(12)   Elongation  (hypsodonty)  of 

teeth 


(8)   Mesatipody 


(11)   Brachyodonty 


{ 


Zaw  of  correlation, — The  bearing  of  these  observations 
on  Cuvier's  law  of  correlation  is  to  modify  rather  than  to 
displace  it.  It  may  be  restated  as  follows^ :  The  feet  (cor- 
related chiefly  with  limb  and  body  structure)  and  the  teeth 
(correlated  chiefly  with  skull  and  neck  structure)  diverge 
independently-  in  adaptation  respectively  to  securing  (feet) 
and  eating  (teeth)  food  under  different  conditions;  each 
evolves  directly  for  its  own  mechanical  functions  or  pur- 
poses, yet  in  such  a  manner  that  each  subserves  the  other. 
Thus,  for  example,  there  is  a  frequent  correlation  between 
dolichocephaly,  dolichopody  and  hypsodonty,  as  in  certain 
of  the  Equldae;  but  there  are  so  many  exceptions  to  such 
correlation,  because  of  the  separate  adaptive  evolution  of 
each  organ,  that  it  would  be  entirely  impossible  to  predict 
the  structure  of  the  tooth  from  the  structure  of  the  claw," 
or  vice  versa. 

Law  of  analogous  evolutioyu  — One  of  the  most  impor- 
tant advances  of  the  past  decade,  for  which  the  way  was 
largely  prepared,  in  the  previous  decade,  by  Scott's  papers 
on  Oreodon^  Poebrotherium  and  Mesohippus^  has  been  the 
clear  recognition  of  this  law.  These  phenomena  give  rise  to 
an  enormous  number  of  analogies  (homoplasies,  parallel- 
isms, convergences)  not  only  of  structure  but  of  entire 
types,  of  families,  and  of  groups,  very  confusing  to  the 
seeker  of  real  phyletic  relationship. 


1  Otfborn.    Amer.   Nat.  xxxvi.   1902,  p.  363. 
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Evolution  in  part  determinate.  — As  regards  the  modes 
and  factors  of  evolution",  the  continuous  stages  of  evolution 
which  we  are  securing  among  the  horses,  camels,  rhinocer- 
oses, and  many  other  families,  afford  opportunities  which 
have  never  been  afforded  before.  We  are  with  adaptive 
characters  from  their  birth  or  genesis,  through  their  prime, 
into  their  decline  and  death.  Through  this  unique  oppor- 
tunity for  observation  has  been  confirmed  a  view  of  evolu- 
tion long  shared  by  most  if  not  all  pai?eontologists,  verte- 
brate  and   invertebrate,   but   naturally    not   understood   or 


shared  by  other  zoologists  because  of  the  essentially  differ- 
ent nature  of  evidence.     I  refer  especially  to  the  theory  of 

.\Me    of   Emiuti 


204  The  American  Geologist.  October,  iiB05 

the  definite  or  determinate  origin^  and  development  of  cer- 
tain at  least  of  the  new  adaptive  structures,  apparently,  but 
not  certainly  according  to  the  principle  to  which  Waagen 
applied  the  term  mutation\  The  mutation  of  the  palaeon- 
tologist, however,  is  quite  distinct  from  the  phenomena  of 
minute  saltations  to  which  de  Varies  has  applied  Waagen's 
term  in  his  valuable  experiments^. 

Potential  of  similar  evolution — In  connection  with  ana- 
logous, but  especially  with  partially  determinate  evolution, 
we  not  only  have  the  similarly  moulding  influences  of  simi- 
lar habits,  and  the  action  of  the  various  factors  of  evolution* 
which  we  cannot  stop  to  discuss,  but  clear  evidence  of  the 
existence  of  a  potential  of  similar  evolution,  a  kind  of  latent 
homology  v/hich  determines  that  when  certain  structures 
are  to  appear  among  animals  independently  derived  from  a 
common  stock,  they  w^ill  appear  at  certain  definite  points 
and  not  at  random.  For  example,  the  genesis  of  the  rudi- 
ment of  the  horn  in  three  independent  phyla  of  Eocene  titan- 
otheres  is  at  exactly  the  same  point,  namely,  at  the  point  of 
junction  of  the  frontals  with  the  nasals  at  the  side  of  the 
'face  just  above  the  eye. 

The  poly phyletic  laic. — Partly  as  an  outgrowth  of  the 
synthesis  of  the  above  principles  and  partly  as  the  result  of 
new  discoveries  and  the  closer  study  of  types  already  known 
is  the  full  recognition  of  the  polyphylctic  law.'  If  we  ex- 
amine the  phylogenies  of  Huxley  and  Cope,  and  even  those 
of  more  recent  v/riters  (Scott,  Osborn,  Wortman)  of  a 
decade  ago,  we  find  that  the  attempt  is  made  for  example, 
to  trace  the  pedigrees  of  the  horses  and  rhinoceroses  in  a 
monophyletic  manner.  The  first  known  instance  of  this  kind 
was  Huxley's  pedigree  of  Eqmis  through  IRpparion,  Ancki- 
theriiim  and  Palaeotherium^  all  of  which  are  now  known  to 

belong  to   entirely   distinct   phyla.     Another   instance   was 

«  — ■■■  ■ 

1  OsBOKN',  H  F.  The  Palaeontological  Evidence  for  the  Transmission 
of    Accguired     Characters.       vNmer.    Naturalist,    vol.    xxiii,    18>i9.    p.    582. 

2  Scott.  W.  B.  On  Jariations  and  Mutations.  Amer.  Jour.  Soi.  vol. 
xlviii.    Nov.   1S94.  pp.  355-374. 

1  Elsewhere  tliis  profound  flifference  between  palaeontologrlcal  muta- 
tions and  the  mutations  of  de  Vries  is  carefully  pointed  out.  See  "Osborn 
Present  Problems  of  Palaeontology",  address  befor*'  St.  Liouis  Congress 
of  Science  and  Art.  September,  19<>4,  first  printed  in  Popular  Science 
Monthly,    December.    1904. 

2  OsBORN,    H.     F.     St.    Tx>uis    Address.     Loc .    cit.    supra. 

8  OsBORN',      H.      F.  The     Fertssodactyls     typically,    poiyphyletic.      Science, 

N.    S.,   vol.    xvi,M902.    p.    715. 
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the  comparatively  recent  effort  to  trace  all  rhinoceroses 
through  the  Oligocene  Aceratherium  occidentals  Leidy  as 
the  stern  form. 

The  polyphyletic  law  is  an  outgrowth  of  four  different 
kinds  of  evidence.     First,  that  the  stem  forms  are  very  much 
older  than  we  supposed  them  to  be ;  we  placed  them  in  the 
Pliocene  and  Miocene,  they  have  now  been  traced  to  the 
Oligocene  and  Eocene.     Second,  as  a  consequence  of  this, 
certain  modern  genera  of  mammals  have  their  own  ancestry, 
apart  from  that  of  closely  related  genera,  as  far  back  as  the 
Oligocene  and  perhaps  Eocene.     The  most  conspicuaus  ex- 
ample of  this  is  the  tracing  back  of  the  Dholes  (genus  Cyon) 
among  the  Canidae,  to  an  Oligocene  form,  showing  that -Cyon 
separated  from  Cams  in  the  Eocene     (Wortman  and  Mat- 
thew) ^     Third  the  polyphyletic  law  is  the  result  of  local 
adaptive  radiation  or  divergence  apparently  of  habit  either 
by  choice  or  by  necessity.     For  example,  among  the  horses 
it  separates  off  the  grazing  types  (Prntohtppus)^    which  are 
naturally  progressive,  from  the  browsing  types    ilhjpoldp' 
pus),    which  are  naturally  conservative,  both  found  in  the 
same  locality  (Fig.  4)..    It  thus  splits  up  animals  living  in  a 
single  n^ion  into  a  number  of  contemporaneous  types  or 
genera  which  may  coexist  throughout  long  periods;  it  is  a 
segregation^    functional  rather  than  adaptive.     Fourth,  the 
polyphyletic   law   results   from   the  invasion   into  a   region 
of  a  generic  or  specific  phylum  which  has  evolved  on  an- 
other  coirtinent ;    for   example,    the    Eurasiatic       Tehocera 
came  in  among  the  American   rhinoceroses  in  the   Middle 
Miocene. 

This  polyphyletic  law  has  now  been  demonstrated 
(  Osborn")  among  the  rhinoceroses  l)oth  of  Eurasia  and  of 
North  America,  and  is  the  key  to  the  comprehension  of  this 
group :  in  Fig.  3  printed  herewith  it  is  shown  that  there  are 
not  only  three  families,  namely,  cursorial  (Hvracodontidae), 
aquatic  (Amynodontidae),  and  terrestrial  (Rhinocerotidae), 
but  that  the  last  familv  splits  up  into  six  and  possiblv  seven 
phyla,  many  of  which  are  contemporaneous;  and  the  ten- 

1  The    Ancestry    of    Certain    \f embers    of   the    Canidaf.        theVtverridtie,    and 
ProcYonidae     Bull.    Amor.    Miis.    Nat.    Hist.,    vol.    xil.    1J499,    pp.    13J»-1JS. 

2  I'hyfogeny     of     the     Rhinorerose^     of     Europe.        Hull.    Amer.    Mus.    Nat/ 
Hist.,    vol.    xiii,    U^X),   pp.    229-267. 
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dency  of  discovery  will  be  to  increase  rather  than  to  dimin- 
ish the  number  of  coiitemporaneoiis  independent  phyla. 
Similarly  the  Eocene  titanothcres  instead  of  forming  a  suc- 
cessive monophyletic  series,  divide  into  four  distinct  phyla, 
ta  each  of  which  a  generic  name  must  be  given.  Similarly 
again,  the  lower  Oligocene  titanotheres',  as  shown  in  Fig. 
".  divide  into  four  phyla,  three  of  which  have  been  traced  in 
successive  stages  from  the  bottom  to  the  .•summit  of  the 
Oligocenc,  each  giving  niT  several  collaterals,  all  living  in 
the  same  region  and  found  in  contiguous  beds,  but  probably 
having  a  slightly  different  local  habitat  and  habits.  The 
law  is  illustrated  again,  as  shown  in  Fig.  4.  both  in  the  Olig- 
ocenc and  Miocene  horses;  in  the  Oligocene.  for  example, 
we  have  five  conienipuraneous  tines  of  horses  (Osborn', 
Gidky).  one  of  which  includes  the  classic  Meaohippua 
halifii  (if  Leitiy,  which  was  long  considered  the  single 
(  l!ii;r)i-enc  horse,  and  ligured  as  such  in  all  phytogenies ;  in 
the  rppcr  Miocene  beside  the  Prutubippiiif  which  still  ap- 
I>ari'n(ly  is  most  nearly  ancestral  to  Fijuus.  we  find  as  con- 
teniiioraries.  the  browsing,  forest-living  Ifyp"}i>p]iiii<  and 
the  ;::ra/ing  and  highly  cursorialiW'/if/Y^'i/VMH.  A  compari- 
son .if  die  phyl.igeny  of  the  (,'amelid.-e  (Fig.  5)  jiuMished  by 
Wortnian'  in  lA^S  on  the  monophyletic  basis  with  that  pub- 
lished by  Matthew-  in  KJ04  on  the  jiolyjihyletic  basis,  shows 
the  rapid  progres-.  which  has  been  made  in  the  denionstra- 
li'iti  iif  the  polyphyletic  law.  Similar  results  are  apparent 
fn.m  ..ur  i.relinlinary  studio  of  the  IVohoseidiae  in  America. 
.Miiny  able  contemporary  workers,  esjiecially  Schlosser  and 
iJeperet,  are  also  bringing  f<..nh  new  illustrations  of  this  law 
in  !'Uin>])e. 

S  Xn-     M-ctHi     Rhiiun-inses     Tuilh     Ri-.isi-m     of    Known     Sffici.      Bull. 
Aiii.r.    Mu«.  Nat.  lliBt.,  vol.   xx.    19*1.   pp.  3"7-32ii. 

4  Tit    Fmr    rhyla     el     O/iipietHe      TmnetluTts.       Hull.   Anu-r.   JIus.    Nut. 

ijihf..  vol.  xvi,  F<rb.  lies,  pp.  Bi-ioa. 

r.  XcK    O'ltMini    Harai.        Bull.  Amcr.  yius.  Nnt.   TIlHt,.  vol.   xx.  M:iy. 
1»>».  )>n.  lez-in. 

1   Tht    EiHHtl    Camtllidai.      Bull.  Anlpr.    Mus.    Nnt.    Hist.,    vol.    x.   ISM, 
pp.  !«-!«. 

,  -2  Xalit*  4/*  Aw  New  O/igittnt  Camth.  Bull.  Amor.  Muh.  Nal.  HIsi.. 
vol.   XX.  UOi  pp.  ai-flE. 
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Modern  Fauna,  Higher  Placental  Radiation. 
Archaic  Fauna,  Lower  Placental  Radiation. 


rhn  ef  Ike   Mieiirr  placenial  raiiiathn   of  the    Tcriian- 

Tl-.e  onliTB  Aitil>ly|H>chi.  C.miiylurthra,  Kii.-utiilii,  '_-i>-.nloiiI.i.  niid  PHrllet 
Prlmati'N  dlsiippiTi^ir  in  Nortli  Amcrlo.i,  ThL'  ciimpiirailvi.-ly  nrndi-rn  Kii- 
dcntlii,  <'nrnivi>ni.  PcTissortiirlylii,  ArlludaciylH.  anU  IJriihoKciili'n  midil'Tilr 
aDUcnr  wltHimt  known  iHUTs;nrs   In   ilie  L.jw^r  Tcrliiiry.     N...  (■..iiin-cliimfl 

newtr  fauna.    ■     "■  '      ' 

II.  Progress  of  Discovery  and  the  Xew  Pjiylngenetic  Prob- 
lems Suggested  Thereby. 

ily  purpose  iit  this  section  is  to  give  a  brief  resume  of 
the  progress  during  the  past  ten  years,  and  in  our  present 
state  of  knowledge  to  point  nut  where  expli)ration  and  re- 
search should  principally  be  directed. 

The  general  advance  has  been  made  in  five  distinct 
lines,  which  appear  to  mark  out  also  the  main  lines  for  fu- 
ture research.  First,  the  biological  value  of  more  accurate 
geological  records  (Compare  I'ig.  i).  has  been  recognized; 
as  a  result  the  mammalia  have  been  chronologically  segre- 
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gated  into  successive  life  zones  similar  to  those  which  have 
long  been  developed  in  invertebrate,  palaeontology;  these 
life  zones  in  some  cases  subdivide  not  only  the  periods 
(Eocene,  Miocene,  etc.),  but  also  subdivide  the  stages 
(Bridger,  l^nita),  etc.  Second,  not  only  have  these  clearer 
chronological  subdivisions  Ix^en  made,  but  the  faunas  have 
been  separated  according  to  their  kinds  and  the  nature  of 
the  deposits,  into  those  which  inhabited  respectively  the 
lowdands  and  rivers,  forests,  ]xlains,  and  uplands.  The  ad- 
vance of  physiography  has  been  felt,  and  by  the  careful 
work  of  Hatcher^  Matthew",  and  Gidley',  the  theory  of 
fluviatile,  flood  plain,  and  «xolian  deposits  has  tended  to  re- 
place the  theory  of  great  lakes  or  lacustrine  deposits.  Third, 
there  has  accordingly  been  brought  about  a  nn:)dification  of 
our  views  as  to  the  meteorological  or  climatic  ])hases  of  the 
Tertiary  period,  in  the  direction  of  extending  the  idea  of  tl^e 
existence  of  great  dry  plains  with  drifting  sands  favt^rable 
to  Aeolian  de])osils  cliietly  in  the  Lower  Pleistocene,  Plio- 
cene and  Miocene;  we  speak  less  of  a  moist,  subtropical,  and 
more  of  a  drier  climate.  Fourth,  the  zoogeographical  rela- 
tions of  the  Xorth  American  faunas  to  those  of  other  con- 
tinents have  l)ecome  niucli  more  clearly  understood  (Os- 
born'')  in  connection  with  more  exact  geological  records  not 
only  by  llie  addition  of  many  new  forms  from  the  Eurasiatic 
radiation  hitherto  unknown,  l)Ut  also  l^y  observing  more 
precisel}'  the  time  of  arrival  of  Eurasiatic  migrants  in  the 
Lower,  Mid-  and  l'|)])er  Miocene  and  c^f  South  American 
in  the  lUeiocene.  l-'ifth,  the  phylogenetic  succession  has 
become  much  clearer  and  more  direct,  although  a  vast 
auKnint  remains  to  he  done.  The  sej)arate  branches  of  the 
mammalian  phyletic  tree  have  been  successfully  traced  back 
farther  and  farther  toward  the  beginnings  of  the  Tertiary, 

1  Origin  of  the  Oligoccnf  and  Miocent  renosits  of  the  Great  Plains 
I»rnc.  Ainer.  Philc**.  Pur.,  xli.   No.  IHH.  Apr.  IIX^J. 

2  Is  the  White  Rri'er  Tertiaty  an  Aeolian  Formation  Anier.  Nat., 
xxxiii.   May.  1Sfl9.  pp.  *13-I0S. 

3  Fossil  Sfammah  of  the  Tertiarv  of  Northeastern  Colorado,  Mem. 
AincM'.    Mus.   Nat.   Hist.,  vol.   1,   pt.   vil.  Nov.   19<)1. 

4  The  Freshwater  Tertiary  of  NorihTvestern  Texas.  Bull.  Amor,  Mus. 
Nat.    Hist.,   vol.   xlx,   1903.   pp.   617-633. 

5  Matthew  and  Qidlbt.  AVw  or  Little  A'no7vn  Afamtnals  from  Ihe 
Miocene  of  South  Dakota.  BuU.  Amer.  Mus.  Nat.  Hist.,  vol.  xx.  pp.  241- 
266. 

6  FauMnl  RtlatwHS  of  Emtojh  and  America.  Science,  vol.  xi,  April, 
1900.  pp.  461-514. 
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with  resultant  changes  in  our  classification.  Perhaps  the 
most  signal  taxonomic  result  of  this  phylogenetic  progress 
is  in  the  clear  definition  of  certain  genera,  notably  among 
the  rhinoceroses  (Osborn^,  Thomas'),  as  shown  in  Fig.  3; 
it  has  proved  to  be  absolutely  necessary  for  the  sake  of 
clearness  to  recognize  a  number  of  genera  which  many  sys- 
tematists  (Flower,  Lydekker)  have  considered  simply  syno- 
nyms of  the  genus  Rhinoceros.  Sixth,  the  chief  morpholo- 
gical result  is  the  discrimination  of  sexual  characters,  espec- 
ially among  the  male  and  female  forms',  which  in  many 
cases  by  Marsh  and  Cope  had  been  considered  as  distinct 
species.  The  recognition  (Osborn*)  that  progressive 
dolichocephaly  and  brachycephaly  profoundly  modify  all  the 
characters  of  the  skull  and  the  teeth  on  the  principle  of  cor- 
relation, also  represents  a  morphological  advance. 

The  independent  and  more  or  less  cooperative  field  or 
museum  work  of  Scott,  Osborn,  Wortman,  Matthew, 
Hatcher,  Douglass,  Gidley,  Peterson,  has  been  instru- 
mental  in    fordwarding    these   chief   lines   of   progress. 

The   Older    Mesozoic   Fauna. 

Unfortunatelv  the  efforts  of  the  American  Museum  to 
find  more  of  the  Protodonta  (Droraotherium^  Jlicroconodon) 
from  the  Upper  Trias  or  Rhfetic  have  proved  unavaliing. 
The  relation  of  these  animals  to  the  Theriodont  reptiles  has 
been  suggested  (Sceley).  ])ut  the  single  bone  of  the  jaw 
rather  sustains  their  relation  to  the  mammalia.  The  groove 
on  the  inner  side  of  the  jaw  of  all  Mesozoic  and  some  recent 
mammals  is  now  recognized  as  the  Meckelian-cartilage 
groove  (Bensley'). 

In  the  Upper  Jurassic  or  Lower  Cretaceous  mammalia 
of  the  Como  beds  we  must  also  admit  that  no  progress  has 
been  made  to  determine  whether  these  animals  represent 
both  Insectivora  and  Marsupialia  and  perhaps  Monotremata 
(Osborn),  or  whether  they  are  all  Marsupialia^  (most  Eng- 

1  Pkylogen\  of  the  Rhinoceroses  of  Europe.  Bull.  Amcr.  Mus.  Nat. 
HKst..    vol.    xiii,    IWO.    np.   220-267. 

2  Notes  on  the  Type  Spcilmen  of  Rhinoceros  lasiotis  Sclater  with 
Remarks  on  the  Generic  Position  ot  the  Living  Species  of  Rhinoceros. 
Proc.    Zool.    Soc,    Loncl.,    June   4,   1901.   pp.    154-158. 

3  The  Cranial  Evolution  of  Titanotherium.  Bull.  Amer.  Mus.  Nat. 
Hist.,    vol.   viil.    1S96.   pp.   157-11*7. 

4  Dolichocephaly  and  brachycephaly  in  che  Lower  Mammals.  BuII- 
Amer.   Mus.   Nat    Hist.,   vol.   xvi.  lfM»2.  pp.  77-SO. 

5  On  the  Identification  of  Afeckelian  and  Mylohyoid  Grooves.  Univ.  Of 
Toronto   Studies   Biol..   Ser.   3.   19<)2.   pp.   75-Sl. 
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lish  authors).  A  re-study  (05bor;>'l  of  the  structure  of  the 
upper  molars  in  the  Vale  Museum  collection  strengthens  the 
tritubercular  theor\-  (Cope,  Osborn)  of  the  origin  of  the 
upper  molar  teeth. 

The  Upper  Cretaceous  Falsa. 

Here  again  the  relatively  modernized  (Osborn')  ani- 
mals of  the  L'pper  Cretaceous  or  Laramie,  although  care- 
fully revised,  still  require  elucidation  from  the  rich  collec- 
titm  in  the  Yale  University  Museum.  Marsh's  statement 
that  certain  of  these  animals  are  Marsupials  lias  been  fully 
confirmed  by  Matthew,  a  fact  v.hich  is  striking  in  the  ab- 
sence of  any  present  evidence  of  Marsupials  in  the  .American 
basal  Eocene. 

The  present  ^elation^  of  these  Laramie  animals  to  those 
of  the  Ilasa!  Eocene  (Puerco.  Turrejon  has  been  somewhat 
slrcngihcned  by  the  recojrnition  of  the  ancestors  {Menia- 
cce»sus)  of  Pol'firKii^tod'm  also  by  the  supposed  recognition 
<if  forms  related  to  the  Aniblypoda.  especially  to  the  Peri- 
ptychidre  idsliorn  I  ;  hut  hirnis  certainly  ancestral  to  the  Cre- 
odonta  and  ntbor  Eoccul'  mammals  have  not  yet  been  rec- 

Tni-:    Hasai,    Eocene    Eaisa. 
In  this  faiuia,  cnmniiinly  known  as  I'l-erco,  great  pro- 

Twu  >!iari>!y  d.'fin.-d  (anna!  staj;es  have  been  distin- 
fiuishvil  (W'ortman.i.  a  Inw.'r,  Puerco  proper,  and  an  upper, 
T..rrejon  (.Matthew'],  (Cnmi.are  Eig.  1,  2^.  The  latter  is 
more  nearly  contemjioraneiius  with  the  Basal  Eocene 
(Ceriiay<ii'nl  r>f  JVance.  ]'"ijrtimately,  in  Montana,  a  new 
locality  has  1-ecn  di-^cnvered  for  these  very  archaic  mam- 
n'als  in  the  I'V.rt  Union  beds  lDo^lglass^  Earr)  which 
jiron'ises  to  extenci  tmr  knnwledge  of  this  fauna. 

The  zoogeo,t;ra;jhical  relations  of  this  fauna,  already 
established  by  some     parallels     with     the     Ccrnaysien  of 

1  AasauiNO,      n .      Los     DiprolodoitUi     del    ordtii     dc     lai      Plagiaulacidtiu. 
An.  MuB.   Nnc.  Buenoa-Alres.  t.   Ix,   isnj.   pp.   Sl-192. 

2  Paliuimiiihgical    EridtKte    f«r    ike    OrirhuU    Triiudirtular    Theory.       Amer. 
Jour.  fcl,.  vnl,  nil,   April.  liiM.  pp.  321-32J, 

the     Uin-er     Cretaifom.        Hull.    Am.T.    Mus.    Nat. 
ni.  XW. 

roif    of   Ike    Fueno    Ftnn.a.     Bull.  Ampr.  Mus.  Nat., 
280-Wl. 

Ua'ir    Tertiary     Sulion      in     Souli    Central     Menlima 
..   vol.   xll,    1M2.    No.   170.    pp.   2UT-224. 
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France,  have  been  perhaps  extended  by  discovery  of  the 
Notostylops  beds  in  Patagonia  (Ameghino^).  Faunal  unity 
with  the  extremity  of  South  America  if  confirmed  will  be 
of  great  significance ;  it  appears  to  be  probable  but  perhaps 
not  absolutely  demonstrated. 


-  PROi/lHONAL  PHYLOQENY  Or  RH/NOCEROTOIDEA ,  AMERICA  AND  El/RAS/A^. 
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FIG    3. 

The  Polyphyletic  Law  Illustrated  in  the  RhincK erases. 

The  Rhinocerotoidea  early  divided  into  the  Hyracodontidae  "  (iii),  known 
only  In  America,  Amynodontldae  (ii),  known  in  America  and  Europe,  and 
the  Rhinocerotidae  (i)  The  last  family  of  true  rhinoceroses  prove  to 
include  at  least  seven  distinct  phyla  corresponding  to  seven  genera  which 
extend  back  as  far  as  the  Middle  Miocene  if  not  into  the  Oligocene. 


The  most  important  single  phylogenetic  result  is  the 
strong  evidence  which  has  been  brought  forward  for  the 
ancestral  relationship  of  the  Taeniodonta  (Ganodonta)  of  the 
Torrejon  to  the  Gravigrade  Edentata  (Wortman'),  borne 
out  by  careful  comparison  of  many  parts  of  the  skeletons 
of  Psittacotherium  and  allied  forms  with  those  of  the  gravi- 
grade sloths.     Indirect  proof     of     the     early     existence  of 

1  Quadro    Sinoptico    de    las   formaciones    terciarias    y    cretaces    de     la     Argen- 
tina.   An.    Mus.    Nac.    d.    l^uenos-Aires.    t.    viii.    Julio.   1902. 

2  The    Ganodonta    and    their    Relationship    to    the    Edentata  Bull.  Amer. 
Mus.   Nat.   Hist.,   vol.   ix,   1897,   pp.   59-110. 
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Edentates  in  \orth  America  has  come  to  hand  in  the  dis- 
covery of  Dasypoda  in  the  Middle  Eocene  (Osborn'). 

Another  observation  which  may  prove  to  have  very 
broad  phylogenetic  bearings  is  the  evidence  of  arboreal  an- 
cestry in  the  structure  of  the  feet  of  the  Creodonta,  Condy- 
iarthra  and  Amblypoda  (Matthew);  it  has  not  yet  been  as- 
certained whether  this  evidence  is  of  the  same  nature  as  that 
which  exists  in  the  feet  of  the  Marsipials  (Huxley,  Dollo, 
Bensley).  With  this  exception  attempts  to  bring  these 
essentially  archaic  Placentals  nearer  to  the  Marsupials  have 
not  been  successful.'  The  single  direct  link  with  the  higher 
Placentals  which  has  even  been  alleged  to  occur  in  these 
beds  is  the  supposed  Viverravm  of  the  Torrejon.  The 
opinion  has  therefore  been  expressed  (Osborn')  that  these 
animals  should  be  sharply  separated  from  the  higher  pla- 
centals and  placed  in  the  Meseutheria, 

Among  the  unsolved  problems  in  this  Basal  Eocene 
fauna  is  also  its  source,  or  ancestry,  which  has  only  in  part 
been  traced  into  the  Cretaceous  fauna.  We  require  fuller 
evidence  as  to  the  relationship  with  the  Notostylop8  fauna 
of  Patagonia  (Amcghino),  also  a  positive  demonstration 
that  the  Taeniodonta  are  really  ancestral  to  the  Edentata. 
In  other  words,  the  i>hylogenetic  connections  of  these  Basal 
Eocene  Placentals  of  North  America  and  Europe  are  cir- 
cumscribed ;  the  sanguine  view  of  Cope  that  they  contain 
the  sources  of  the  modern  Placentals  which  first  appear  in 
the  Lower  Eocene  has  not  been  realized;  none  of  these  ani- 
mals give  us  the  stem  forms  of  the  true  Carnivores,  Peris- 
sodactyls  or  Artiodactyls  of  the  Lower  and  Middle  Eocene, 

LOWKK,    MllKlLE    ASH    Ul'FKR    EoCENE    FaUNAB 

The  chief  geological  and  faunal  progress  has  been  in 
the  Bridger  (Bartonien>  and  L'inta  (Ligurien)  stages,  cor- 
responding to  the  Middle  and  L'ppcr  Eocene,  which  have 
at  last  been  clearly  and  sharply  divided  into  two  successive 
faunal  stages  for  the  llridger  (Matthew,  Granger),  and  two 
successive  faunal  stages  for  the  L'inta  (Peterson.  Osborn). 
The        x>    a        o     h  e  evolution  of  the 


Progress  in  Mammalian  Palaeontology. — Osborn,     213 

Primates,  Carnivores  and  Perissodactyls  can  hardly  be  over- 
estimated. 

At  the  same  time  the  zoogeographical  relationships  of 
our  Lower  Eocene  (Soissonien)  have  been  extended  by  the 
discovery  of  a  French  Creodont  (Paiwonictts)  in  America 
and  of  an  American  Creodont  (  Pachyacna)  in  France.  Still 
more  surprising  and  important  is  the  discovery^  in  the  Mid- 
dle Eocene  of  Dasypoda  {Metachetromya  ) ,  armadillos  with 
canine  teeth  and  with  provision  for  a  stout  leathery  if  not 
osseous  carapace.  This  absolutely  establishes  the  Cretac- 
eous it  not  Basal  Eocene  zoogeographical  relations  of  N'orth 
and  South  .America,  and  adds  another  fact  to  the  growing 
evidence  that  North  and  South  America  were  related  in  the 
Mid-Cretaceoits  and  perhaps  Early  Tertiary  and  then  sepa- 
rated again  until  the  Pliocene. 

Our  phylogenetic  results  have  been  mose  encouraging 
in  some  directions  and  most  balifling  in  others.  Still  more 
striking  than  ever  before  is  the  fact  that  the  Lower  and 
Middle  Eocene  fauna  of  Pertssodactyia.  Artiodactyla,  Car- 
nivora.  Cheiroptera.  Monkeys,  and  true  Rodents,  an  essen- 
tially modern  fauna,  is  without  any  known  direct  affiliation 
with  the  Basal  Eocene  fanna  (Mcscutheria)  (Compare  Fig. 
2).  Mingled  with  this  essentially  modern  fauna  are  the 
numerous  survivors  of  the  archaic  fauna,  namely,  the  Cre- 
odonta.  Condylarthra,  Aniblypoda.  with  which  should  cer- 
tainly be  reckoned  the  Edentata  (Paratheria.  Thomas)  and 
probably  the  Insectivora. 

The  phylogenetic  successions  of  the  families  within 
these  archaic  orders  have  been  much  more  clearly  traced. 
namely,  the  pedigree  and  adaptive  radiation  of  the  Creo- 
donts  into  specializations  of  various  kinds'.  Among  the 
Amblypoda  the  taw  of  long-skulled  and  short-skuiled  phyla 
has  again  been  found  to  prevail,  in  jiroof  that  the  genera 
about  which  there  was  such  a  heated  discussion,  namely, 
Tinoceros  as  a  relatively  short-skulled  form  and  LoMlopko- 
<ion  as  a  relatively  iong-skulled  form,  really  represent  two 
Valid  and  distinct  phyla. 
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Among  the  modernized  Placentals,  we  have  added  noth- 
ing to  our  knowledge  of  the  supposed  Cheiroptera.  An  im- 
portant step  is  the  proposed  transfer  to  the  Insectivora  of 
the  genus  Ilyopsodus  which  has  long  figured  among  the 
Primates  (Wortman'),  a  relationship  which  will  be  settled 
by  material  now  in  our  possession.  Among  the  remaining 
undoubted  Primates  (Osborn*)  there  is  the  series  of  Anap- 
tomorphidae  which  still  resemble  the  Tarsiidae  more  than 
any  of  the  other  lemurs,  or  true  monkeys,  although  their 
actual  relationships  are  absolutely  undetermined.  The 
second  family  of  Primates,  represented  by  the  Notharctidae 
{Notharctua  and  Limnotherium)  and  other  forms,  has  been 
placed  near  the  South  American  Ccbidae  by  Wortman^  but 
this  also  requires  the  confirmation  or  disproof  which  will 
soon  be  forthcoming;  if  South  American  relationships  are 
established  for  these  Primates,  a  very  much  mooted  problem 
will  be  solved. 

Among  the  Perissodactyla  the  Titanotheres  (Osborn*) 
have  split  up  into  four  phyla,  one  of  which  {Paldeosyops) 
died  out,  while  the  three  remaining  phyla  independently 
acquired  rudimentary  horns  {Telmatotherium^  Manteoceraa 
DolichorhiniLs)  and  apparently  gave  rise  to  the  evolution 
of  the  four  phyla  of  great  Oligocene  titanotheres.  Among 
the  Artiodactyla  the  rare  Middle  Eocene  forms  still  require 
elucidation,  but  the  Camelidae  have  been  traced  definitely 
into  the  diminutive  Upper  Eocene  (Uinta)  Protylopua 
(Scott^  Wortman").  Two  distinct  phyla  of  Oreodontidae 
have  also  been  traced  back  in  the  Upper  Eocene  into  the 
genera  Protagrichoei'U8  2Lnd  Protoreodon  (Scott).  Among 
the  enemies  of  these  animals,  the  Canidae  have  been  traced 
into  the  Upper  Eocene  genera  Prodaphaenua  and  Uintdcyon 
and  Marsh's  Middle  Eocene  Vulpavus  has  also  proved  to 
be  a  member  of  the  true  Canidae,  although,  its  relationships 

8  Studies  of  Eocene  Mammalia.  Part  II,  Anier.  Jour.  Sci..  vol.  xv. 
May,   1JKJ3,   p.   401. 

4  American  Eocene  Primates^  etc.  Bull.  Amer.  Mu.s.  Nat.  Hist.,  vol. 
xvi.    1SM>2.    pD.    169-2Ji. 

1  WOBT.MAN.     Oi>.     Cit  ,    Am^'r.    Jour.    Sci.    vol.    xv,    1903.    pp.    409-411. 

2  The  Four  Phv/a  of  Oligoa;}  e  Titanotheres,  Bull.  Amor.  Mus.  Nat. 
H,}.«t..    vol.    xvi.    1IMI2.    pp.   91-1'H*. 

1  The  Selenodont  Artiodactyls  of  the  Uinta  Eocene-  Trans.  Wagner 
Free    Inst.    Sci.    Pl.il..    vi.    \m.\    p.' 100. 
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PIG.    4. 
The  Polyp hyletU  Law  Illustrated  in  the  Evolution  of  the  Eguidag  of  North  A/nsrica 

In  the  Miocene  are  at  least  four  contemporary  phyla  of  horses,  the 
extremes  being  represented  by  the  forest-living  horse  Hypohippus,  and 
the  lignt-llmbed  Neohipparion;  the  central  form,  Protohippus^  apparently 
leading  to    Equus.  . 

This  true  Equus  line  separated  off  from  other  horses  as  far  l>a43K 
as  the  base  of  the  Oligocene.  In  this  period  again  Ave  distinct  contem- 
porary Dhyla  have  alfeady  been  found. 

are  not  exactly  determined    (Wortman,   Matthew).       The 
supposed  ancestry  (Wortman)  of  the  Felidae  in  the  Eocene 
'  in   the   problematical   genus   Aelurotherhim    has  been   dis- 
proved   (Matthew). 

Still  undiscovered  or  unrecognized  in  the  Eocene  both 
of  America  and  Eurasia  are  the  ancestors  of  the  true  Rhin- 
ocerotidae  which  suddenly  appear  in  the  Oligocene.  The 
Basal  Eocene  ancestry  of  the  Rodentia  is  still  satisfied  only 
provisionally  by  the  family  Mixodectidae,  belonging  to  the 
somewhat  hypothetical  Proglires  (Osborn*)  :  the  teeth  seem 
to  be  approaching  those  of  the  Rodents  but  knowledge  of 

2  The  Extinct  Camelidae  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  x.  1898, 
pp.  S3-1-J2. 

3  Bull.    Amer.    Mus.   Nat.    Hist.,   xvi.   1902. 
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the  skeleton  is  necessary  to  determine  whether  they  may 
not  after  all  be  remotely  related  to  the  Lemurs  (order 
Cheironiyoidea)  as  Cope  and  Wortman  "  have  suggested. 
Wortman  is  strongly  of  the  opinion  that  the  Eocene  Prim- 
ates (Notharctidae,  Anaptomor])hidae)  are  not  Lemuroidea, 
and  that  the  former  family  are  distinctly  South  American ; 
this  also  requires  confirmation. 

Search  for  the  exact  relations  and  points  of  connection 
between  the  Carnivora  and  Creodonta,  has  thus  far  been 
entirely  without  definite  success;  in  other  words,  the  true 
Carnivora  seem  to  be  as  separate  from  the  Creodonta  as  the 
true  Perissodactvla  are  from  the  Condvlarthra. 

As  regards  the  Artiodactyla,  as  yet  very  little  is  known 
of  the  Middle  and  Lower  Eocene  stages,  among  which  it  is 
especially  important  to  test  the  truth  of  Scott's*  broad  gen- 
eralization that  the  American  Artiodactvla  should  all  be  re- 
garded  as  affiliated  to  the  Tylopoda  as  a  stem  group  from 
which  not  only  the  Camelidae  evolved  but  also  the  other 
distinctively  American  Artiodactvls,  such  as  the  Oreodon- 
tidae,  and  that  even  the  traguloid  forms  are  of  tylopodous 
affinity  and  merely  parallel  or  analogous  to  the  true  Tragu- 
lines  of  Eurasia.  There  is  no  doubt  that  such  an  adaptive 
radiation  from  a  Tylopod  stem  is  possible  and  that  there 
is  considerable  actual  evidence  for  it  in  the  morphology  of 
the  skull  of  these  various  distinctively  American  Artio- 
dactvls; but  the  hvpotJiesis  is  such  a  bold  one  that  we  must 
wait   for  more  material. 

The  chief  problem  i^{  all.  which  is  also  the  problem 
of  the  European  palae(mtologists.  is  the  source  and  origin 
of  the  modern  Lower  Eocene  fauna  as  a  whole,  namely,  the 
Carnivora,  Perissodactyla,  Artiodactyla,  Primates,  and  Ro- 
dentia. 

American  Oliooceni:   Fa  in  as 

Our  Oligocene  (Lower  Oligocene  Tnfra-Tongrien,  Mid- 
dle Stanipien,  and  Ui)])er  Acjuitanien,  of  Europe)  has  been 
the  most  thoroughly  explored  of  any  of  the  |)eriods,  owing 
to  the  richness  of  its  fossil  fauna. 

The    chief   geological    result    is    the    separation    of   the 

4   The    SeUuodont    Artiodact\hs     o^     the      Uinta      fiocene;        Trans.    WaKnor 
Freo    Inst.    Sci.    Phil.,    vi,    1S1>9,    p.    HX). 
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FIG.   5. 

Tift^  Poiyphyletic  Law  and  Local  Adapthf  Radiation  Iliustrated  in  the   Phytogeny  of 

the  Camels. 

On  the  left  is  illustrated  the  older  monophyletlc  view  held  as  recently 
as  1K9V;  on  the  right,  the  newer  polyphyletic  view  developed  in  IIKM  show- 
ing three  distinct   contemporary  lines  of  Camelidae. 

fliiviatilc  or  channel  beds,  with  chiefly  lowland  or  bottom 
fauna,  from  aeolian  or  backwater  sediments,  chiefly  with  a 
plains  and  cursorial  fauna.  The  three  subdivisions  origin- 
ally observed  by  Ilayden  and  Leidy  are  thus  divided  as 
follows : 

I.  Fluviatile  or  Channel  Beds.     II.     .^olian     or     Backwater 

Sediments. 

irpper.  Protoceras  beds Leptauchenia  beds. 

Middle,  Metamvnodon  beds C^reodon  beds. 

Lower,  Titanothcrium  beds. 


This  separation  was  chiefly  brought  about  by  Matthew's 
careful  analysis  of  the  animals  coming  from  these  respective 
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beds,  the  former  (I)  including  lowland,  forest  and  river- 
bottom,  and  aquatic  animals,  the  latter  (II)  the  animals  of 
the  plains  and  uplands.  The  John  Day  beds  of  Oregon 
apparently  contain  an  overlapping  fauna  partly  equivalent 
to  the  Upper  Oligocene  and  partly  to  the  Lower  Miocene. 

The  already  v/ell  known  (Cope,  Filhol)  and  close 
zoogeographical  relationships  during  the  Oligocene  of  North 
America  and  Europe  are  strengthened  by  the  discovery  of 
European  Anthracotheriidae,  Mustelidae  {Bunaeluru^)  and 
Erinaceidae  (Proterix,  Matthew*)  in  America,  and  of  the 
American  Titanotheriidae  in  Europe*.  This  leaves  as  the 
chief  families  in  Europe  still  unknown  in  America  the 
Palaeotheriidae,  Anoplotheriidae,  Tragulidae. 

Our  faunal  knowledge  has  been  especially  enriched  by 
the  discovery  and  description  of  the  hitherto  unknown 
microfauna  of  the  Titanotherium  beds  (Douglass*,  Matthew*) 
which  includes  archaic,  Centetes-like  forms,  as  well  as  jEWf>- 
aceous -Vikt  forms. 

The  main  phylogenetic  results  are  the  following.  The 
Creodonta  have  been  definitely  traced  to  their  extinction  in 
the  Hyaenodontidae  (Table  II).  Among  the  Canidae  the  an- 
cestral line  of  Cj/on  (Dholes)  has  almost  certainly  been 
recognized  in  this  period  in  the  genus  Temnocyon  (Wort- 
man  and  Matthew^)  (Fig.  6).  No  trace  of  Edentata  has 
been  found,  the  forms  formerly  described  as  such  now  being 
known  to  be  the  peculiar  Chalicotheriidae,  probably  of  Peris- 
sodactyl  affinities.  The  rhinoceroses  have  been  traced  back 
in  the  Lower  Oligocene  to  animals  {Trigonias')  with  sev- 
eral incisors  as  well  as  with  canine  teeth  (Osborn^,  Lucas*). 

1  Matthkw,  WD     On    the  Skuil   of   Bunmlutus,   Bull.  Amer.  Mus.  Nat. 
Hist.,  xvi,  1902,  pp.  137-140. 

2  A    Fossil    Hedgehog   from  the     American     Oligocene       Bull.  Amer.   Mu8. 
Nat.    Hist.,   vol.  xix,   1903,  pp.  227-229. 

8  TouLA.     Ueber    netu     Wirbelthierreste    aus     dent      Tertiar     Oesterreichs     und 
Rumeliens,      Zeitschr.  d.  Deutsch.  greologr.  Ges.,  Jahrg:.  1896,  pp.  922-924. 

4  Foss.     Mamm.      White     River.      Trans.    Amer.    Philos.    Soc,    n,    s.,    vol. 
XX,   1901.  p.   1-42. 

5  The    Fauna    of   the     Titanothenum     beds.      Bull.  Amer.  Mus.  Nat.   Hist., 
vol.   xix.  1903.  pp.  197-226. 

6  Bull.   Amer.  Mus.  Nat.  Hist.,  vol.   xii,  1899,  pp.  139-148. 

1  The     Extinct     Rhinoceroses.      Mem.  Amer.  Mus.   Nat.  Hist.,  vol.  i,  1898, 
pp.  75-165. 

2  A    Neiv    Rhinoceros,     Trigonias     Osbomi.       Proc.   U.    S.    Nat.   Mus.   xxill. 
No.   1207. 
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The  law  of  local  adaptive  radiation  with  its  polyphyletic 
consequences  has  completely  altered  our  conception  of  sev- 
eral Oligocene  families,  as  follows.  The  Titanotheriidae 
(Osborn*)  break  up  into  four  genera,*  which  evolve  inde- 
pendently from  the  base  to  the  summit  of  the  Oligocene, 
namely,  Titanotherium^  Megaceropa^  Symborodon^  and  Bron 
totherium;  divergence  is  indicated  By  dolichocephaly  and 
brachycephaly  as  well  as  by  other  characters  (Fig.  7).  Sim- 
ilarly the  Equidae  break  up  into  four  and  possibly  five  dis- 
tinct contemporary  phyla,  and  it  now  begins  to  appear  prob- 
able that  the  line  giving  rise  to  Equus,  separated  off  from 
the  other  horses  as  early  as  the  Lower  Oligocene  (Osborn, 
Gidley;  Fig.  4).  The  Oreodontidae,  represented  by  two 
phyla  in  the  Upper  Eocene,  now  present  three  phyla,  name- 
ly, Agriochoerus^  Oreodon^  Lejptauchenia  (Matthew).  Three 
phyla  of  Camelidae  are  also  recognized,  namely,  those  repre- 
sented by  Paratylopxis^  PoebrotJierium^  and  Pseudolahis 
(Matthew,  Fig.  5).  Similarly  among  the  Felidae,  the  Mach- 
aerodont  division,  the  only  felines  represented  in  America  at 
this  time,  breaks  up  into  the  stout-limbed  Hoplophoneus 
series  ancestral  to  Machaerodus  and  Smilodon  the  slender- 
limbed  Dinictis  *,  and  a  third  series  represented  hy  Nimramis 
(Fig.  6). 

Among  the  gaps  in  the  Oligocene  is  the  entire  absence 
of  Primates,  the  genera  Laopithecua  and  Menothcrinm^  for 
merly  associated  with  the  Primates,  proving  to  be  singularly 
primitive  tritubercular  Artiodactyls.  An  important  prob- 
lem is  the  actual  relationships  of  the  Artiodactyl  genera  Pro- 
tooeras^  Leptomeryx^  Hypertragxdus^  and  Hypiaodxis,  which 
according  to  Scott's  theory  above  alluded  to,  represent  with  . 
the  Oreodontidae  an  independent  radiation  of  American  Arti- 
odactyla  wholly  without  affinity  with  the  European  Tragu- 
lines. 

The  Miocene  Fauna. 
In  our  Miocene,  equivalent  to  the  Langhien  (Orleanais), 
Helvetien  (Sansan,  Simorre),  and  Tortonien  (Grive  St.  Al- 
ban,  Bamboli)  stages  of  Europe,  the  most  exceptional  pro- 

3  Bull.   Amer.   Mus.   Nat.   Hist.,   xvi,  1902,   pp.  91-109. 

4  Matthew.     Fossil    Mammals    of    the      Tertiary     of     Northeastern       Colotado 
Mem.    Amer.   Mus.   Nat.    Hist.,   vol.   i,   pt.   vi,   1901. 
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•gress  has  been  made  in  the  distinction  of  the  geological  and 
faunal  zones.  Ten  years  ago  the  accurate  geological  ob- 
servations of  Hayden  were  overlooked,  and  it  was  believed 
that  formations  equivalent  to  the  Middle  and  Lower  Mio- 
cene of  Europe  were  sparsely  if  at  all  representetd.  Now 
three  faunal  stages  are  clearly  recognized  (Scott^  Matthew', 
Gidley'),  namely:  Lower  (Rosebud  beds),  in  which  the  ani- 
mals are  still  sparsely  known,  Middle  (Deep  River  beds),  in 
which  the  fauna  is  becoming  more  fully  known,  Upper 
(Loup  Fork  beds),  in  which  a  very  rich  fauna  is  now  fully 
known.  Each  of  these  divisions  is  distinguished  by  specific 
stages  in  the  evolution  of  the  horses,  rhinoceroses,  camels, 
oreodonts,  rodents,  and  carnivores.  These  chronological 
successions  derived  from  geology  have  already  yielded  very 
important  new  biological  results. 

The  zoogeographical  relationships  with  Europe  have 
been  strengthened  by  the  discovery  for  the  first  time  of  Din- 
Ocyon  (  Matthew^),  of  a  new  species  of  rhinoceros  (  Tele- 
oceras  hicortiutus^  Osborn),  closely  similar  to  the  Tdeoceras 
aurelianensis  of  the  Lower  Miocene  of  France,  by  the  rec- 
ognition of  new  Mustelidae  (Lutra),  and  of  the  Castoridae 
(Dipoides).  The  Proboscidea,  now  known  to  be  of  African 
origin,  arc  not  certainly  found  in  the  lower  and  sparsely 
known  in  the  middle,  but  are  fully  repwesented  in  the  upper 
beds.  In  the  middle  beds  appears  Maatadon  productus^ 
rather  derivable  from  \.\\^  Palaeomaatodon  oi Mx'\z^  than  from 
the  M.  angiLstidens  of  France. 

Our  views  as  to  the  Miocene  climate  have  also  under- 
gone a  change,  owing  to  the  recognition  that  most  of  these 
deposits  are  fluviatile  and  aeolian  rather  than  lacustrine 
(Matthew,     Gidley'),  as  evidence  of  a  dry  climate,  marshy 

1  The    Mammalia    of   the    Deep    River    Beds.     Trans.   Amer.   Philos.    Soc, 
xviii,    18!>5,    pp.    55-185. 

2  Foss,    Klamm.    of  the  Tertiary,  etc.    Mem.  A.  M.  N.   H.,  vol.   i,  1901. 

3  New     or     Little     Knoivn     Afammals     from     the     Miocene.       Bull.    Amer. 
Mus.    Nat.    Hist.,   xx,    1904,   pp.   241. 

1  A    SkuU    of    Dinocyon   from    the    Miocene    of     Texas.       Bull.   Amer.    Mus. 
Nat.   Hist.,   vol.    xvi.   1^,   pp.   129-136. 

2  AVw     Miocene     Rhinoceroses.         Bull.    Ameri    Mus.    Nat.    Hist.>    vol.    xx, 
1904.  pp.   307-326. 

8  AVw    or    Little    K'noum    Mammals    from     the     Miocene     of    South     Dakota 
Bull.    Amer.    Mus.    Nat.    Hist.,    vol.    xx.    IJKM,    pp.    241-268. 
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plains,  and  drifting  sands,  rather  than  of  the  moister  climatic 
conditions  inferred  from  the  older  lake  basin  theory. 

Among  the  chief  phylogenetic  results  are  the  addition 
of  at  least  four  kinds  of  Canids  (Fig.  6}  and  the  tracing 
back  of  the  ProcyonidiC  to  the  Lower  Miocene  Phlaocyon 
(  Matthew'),  tending  to  unite  this  phylum  more  closely  with 
the  Canidas.  The  Mustelidse  are  now  represented  by  Mua- 
telad^nd  Lutra.  The  ViverridEe  and  Ursidae  are  still  wholly 
unrepresented  in  A'rerica  although  evolving  contemporane- 
ously in  Europe,  .'\niong  the  distinctively  American  Artio- 
dactyls  the  Cervidse  arc  now  recorded  in  the.  Middle  Mio- 
cene ( Palaeomeryx) .  a  fact  however  still  requiring  confirma- 
tion. In  this  connection  should  be  mentioned  the  discovery 
of  the  full  characters  of  the  genus     Merycodxts  (  Coaoryx), 


.   A.    M.    N.   H.,   vol.  I 
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which  with  Bldstomeryx  as  the  new  family  Merycodontidae 
has  been  regarded  by  Matthew*  to  be  more  nearly  related 
to  the  American  Antilocapridae  than  to  the  European  Cervi- 
dae,  although  its  deerlike  horns  certainly  suggest  Cervine 
relationships.  The  Camelidae  until  recently  considered 
monophyletic  have  been  shown  to  be  in  a  marked  degree 
polyphyletic^  the  Lower  Oligocene  Paratylopus  giving  rise 
to  two  phyla,  one  of  which  includes  the  "giraffe  camel," 
Alticamelvs  (Matthew^),  which  presents  a  remarkable  anal- 
ogy in  the  elongation  of  its  neck  and  limbs  with  the'giraffes 
of  Africa;  similarly  Proehrotherium  splits  into  three  phyla 
(Fig.  5,  Matthew).  Similarly  the  Oreodont,  and  Agrichcerine 
phyla  have  disappeared  without  leaving  successors.  The  rival 
cursorial  Hyracodontidae  and  aquatic  Amynodontidae  having 
died  out,  the  true  RhinoceroJ:idae  (Fig.  3)  split  up  into  three 
series,  one  including  the  extremely  long-skulled  and  long- 
limbed  types,  possibly  related  to  the  true  Aceratherium  in- 
ctstvum  of  Europe,  a  second  including  excessively  broad- 
skulled  types  (genera  Aphelops  and  Peraceraa  Cope),  and  a 
third  including  the  short-footed  (brachypodine)  types 
{Teleoceras  ),  almost  certainly  of  European  origin.  The 
Tapiridae  are  still  sparsely  known.  The  aberrant  Chali- 
cotheriidae  terminate  in  an  Upper  Miocene  species  which 
nearly  equals  in  size  the  Lower  Pliocene  Avcylotherium  of 
the  Pikermi.  The  most  astonishing  discovery  among  the 
Rodentia  is  that  of  a  member  of  the  Mylagaulidae  with  a 
very  large  horn  core  on  the  front  portion  of  the  skull 
(genus  Ceratogaulua   Matthew'). 

The  principal  work  still  to  be  done  in  our  Miocene  is 
the  following:  to  ascertain  more  fully  the  character  of  the 
Lower  Miocene  fauna,  which  is  still  unknown ;  to  fix  the 
date  of  the  arrival  of  the  earliest  Proboscidea  either  early  in 
the  Middle  or  in  the  Lower  Miocene;  to  trace  the  ancestry 
of  the  typical  dogs ;  to  ascertain  the  origin  of  the  Cervidae, 
which  will  probably  prove  to  be  Asiatic,  as  well  as  the 
origin  of  the  peculiarly  American  Antilocapridae. 

5  A     Complete     Skeleton     of    Merycodus.       Bull.    Amer.   Mus.    Nat.    Hist., 
vol.   XX.   1904,   pp^  101-129. 

6  Notice    of    Two    New    Oligocene    Camels.      Bull.  Amer.  Mus.  Nat.  Hist., 
vol.   xvi,   1902f,  pp.   617-635. 

1  Foss.    Mamm.    of  the      Terttaty,     etc,        Mem.   A.    M.    N.    H.,    vol.    I,    pt. 
vi,  1901. 
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The  Pliocene  Fauna. 

Equivalent  to  Messinien  (Pikermi),  Plasancien  (Cas- 
ino), Astein  (Rousillon),  Sicilien  (Val  d'  Arno  sup.) 

Our  limited  American  Pliocene  fauna  still  stands  in  sad 
contrast  to  the  rich  succession  of  Pliocene  mammals  of 
Europe.  The  Palo  Duro  mammals  which  Cope  included  in 
the  Pliocene  have  proved  to  be  Upper  Miocene.  Recent 
geological  and  palaeontological  work  (G  idley*)  shows  that 
the  only  true  Pliocene  formation  and  locality  is  that  of  the 
Blanco  beds  of  Texas,  75  feet  in  thickness,  as  against  the 
rich  successive  Pliocene  series  of  Europe.  Nor  are  any 
species  of  Eq^ius  found  here,  as  Cope  supposed,  and  as 
might  be  expected  from  the  presence  of  Equus  (E,  stenonu) 
in  the  Upper  Pliocene  of  Europe.  The  chief  faunal  distinc- 
tions are  the  entire  disappearance  of  the  Rhinocerotidae  and 
the  appearance  of  South  American  Mammals. 

The  zoogeographical  changes  are  well  known  to  enter  a 
new  relation  by  the  invasion  of  the  South  American  Edenta- 
ta, namely,  Olyptodon^  Megalonyx,  Mylodon.  Among  these 
a  new  Glyptodont,  Glyptotheidum  te^^anum  has  recently  be- 
come known  (Osborn^)  from  a  nearly  complete  carapace 
and  partial  skeleton,  which  exhibits  primitive  affinities  with 
the  Eocene  types  of  Patagonia.  Among  the  Proboscidea 
the  Stegodont  stage  appears  in  the  so-called  Mastodon  tnir- 
ficus  of  Leidy.  indicating  a  late  Pliocene  age  for  the  Blanco 
formation.  In  the  marine  Miocene  of  Japan  (Iwasaki  and 
Yoshiwara')  the  remarkable  discovery  has  been  made  of  an 
anomalous  skull  representing  a  new  family  {Desmoatylidae 
fam.  nov.)  either  of  hypsodont  Sirenia  or  of  Proboscidea, 
and  Merriam^  has  recognized  as  a  similar  form  occurring  on 
the  coast  of  California  the  genus  Desmostyhis  first  noticed 
by  Marsh. 

The  phylogenctic  series  is  all  too  limited,  the  horses 

2  A    Horned    Rodent.       Bull.    Amei.    Mus.    Nat.    Hist.,   vol.    xvi,   1902.    pp. 
291-310. 

3  The    Freshwater     Tertiary     of     .Vorthwestem      Texas.         Bull.  Amer.   Mus. 
Nat.    Hi.««t..   vol.   xix.   1903.   pp.   617-635. 

1  Glyptotherium      texanum  Bull.     Amer.     Mus.     Nat.     Hist.,    xix.    1903, 
pp.   491-191. 

2  Notes    OH    a     Neiv    Fossil     Mammal        Jour.    Coll.    of    Sci.    Imp.    I'niv. 
Tokyo,   vol.    xvi,   Art.  5,   1902. 

1  Science,     n.   s..   vol.   xvi.   Oct.  31.  1902,  p.  714. 
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FIG.  7. 

TAe    Iau>    of   local    adaptive    radiatiopi    illustrated    in    the    fout     phyla     of     OligO' 
cene     Titanotheres^    otic    or    more    of   which    gave    off   collateral    branches. 

Three  of  these  phyla  have  now  been  shown  to  have  a  separate  origrin 
in  the  Middle  Eocene. 

being  sparsely  represented  by  species  of  Neokipparion  (  Gid- 
ley ')  and  a  doubtful  Pliohippus^  the  Camelidae  by  Pliau- 
chenia,  the  Dicotylidae  by  several  pieces  of  PlatygonuSy  the 
Carnivora  by  an  Atnphicyon  and  other  doubtful  species  of 
CanidcE.  The  collateral  lines  of  Camelidae,  so  far  as  we 
know,  died  out,  and  the  adaptive  rediation  of  the  true 
camels  begins. 

However,  no  generalizations  can  as  yet  be  made  from 
this  scanty  fauna ;  we  are  confronted  with  more  gaps  in  our 
knowledge  and  more  unsolved  problems  than  in  any  other 
period.  Among  these,  the  direct  ancestry  of  the  South 
American  cameloids  {Auchenia)  as  well  as  of  the  true 
camels  {Cam^elus)  should  be  found.  We  also  should  find 
here  the  stages  directly  ancestral  to  the  horse  {Equvs)^  be- 


2  A      yV>4»'       Three -toed     Horse. 
1908,   pp.   466-476. 


Hull.    Amer.    Mu.s.    Nat.    Hist.,    vol.    xlx. 
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cause  it  now  appears  certain  that  Marsh's  Pliohippua  was 
an  Upper  Miocene  and  not  a  Pliocene  animal,  and  was, 
moreover,  apparently  on  a  side  line  not  leading  directly  into 
JEquus  (Gidley,  Fig.  4).  Thus  not  only  is  the  Pliocene 
plains  fauna  sparsely  known  but  the  Pliocene  forest  fauna 
is  wholly  unknown. 

The  Pleistocene  Fauna. 

Equivalent  to  (i)  the  Preglacial,  Forest  Beds  of  Nor- 
folk (St.  Prest.  Durfort,  Malbattu,  Peyrolles),  (2)  Glacial, 
(Mid- Pleistocene,  Lower  Mid-Pleistocene),  (3)  Postglacial 
deposits  of  Northern  Europe  and  Asia. 

Here  again  American  palaeontology  is  far  behind  that 
of  Europe  as  to  knowledge  of  the  chronological  succession 
of  deposits,  and  a  vast  amount  of  work  remains  to  be  cjoue 
in  the  discrimination  of  geological  and  faunal  stages,  in  the 
comparison  of  Eastern  and  Western  cave — and  sand —  de- 
posits, and  in  the  coordination  of  the  first  appearance  of 
man  with  that  of  the  mammalian  succession. 

The  advent  of  the  true  Equits  marks  the  base  of  our 
Pleistocene,  as  shown  in  the  sand  deposits  of  the  Western 
plains  in  the  so-called  E^uutt  beds.  The  geographical  dis- 
tribution and  remarkable  adaptive  variation  of  the  Pleisto- 
cene horses  have  now  been  fully  worked  out  (Gidley*),  prov- 
ing that  there  are  ten  species  characteristic  of  different 
localities,  and  ranging  in  size  from  E.  giganteua  larger  than 
any  modern  horse,  to  the  diminutive  E.  monte^umae.  But 
nowhere  in  North  America  have  horses  been  found  contem- 
poraneous with  man. 

Two  chief  advances  have  been  made,  first,  the  distinc- 
tion of  plains  and  river,  from  forest  faunas;  second,  the 
exploration  of  two  very  remarkable  cave  deposits. 

The  Western  plains  fauna  of  the  Eguics  beds  or  Lower 
Pleistocene  (Matthew^)  contains  among  the  Carnivora, 
Canis^  Dinooyon^  Felis;  among  the  Rodentia,  Fiber^  Arviy 
eola^  Cynomys^  Thomomys^  Castoroides ;  among  the  Eden- 
tata,  Mylodon;  among  the  Perissodactyla,  three  species  of 

8  Tooth  Characters  and  Revision  of  the  Genus  Equus.  Bull.  Amer. 
MU8.    Nat.    Hist.,    vol.    iv.    1901.    pp.   91-142. 

1  List  of  Pleistocene  Fanna  from  Hay  Springs,  Nebr.  Bull.  Amer. 
Mus.   Nat.    Hist.,   vol.   xvi,   1902.  pp.  317-322. 
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EquuBy  among  the  Artiodactyla,  two  species  of  the  Dico- 
tyliclcC ;  (.  ne  species  of  the  Camelidae,  and  two  of  the  Antilo- 
caprjd^e  (  Capromeryx^  a  new  form,  Matthew),  and  Antilo- 
4^pra;  among  the  Proboscidea,  Elephaa  Golwnbi  A  similar 
plains  fauna  is  that  of  Silver  Lake,  Oregon,  which  includes 
also  two  aquatic  animals.  Castor  and  Lutra.  At  Wash- 
tuckna  Lake,  Washington,  is  found  a  forest  fauna  which 
includes  in  addition  to  camels  and  horses,  a  badger,  Taxidea- 
three  species  of  Felia^  two  of  Alces^  one  of  the  American 
deer,  Cariacus^  and  one  of  the  goat    Oreamnos  (  naplooeros) 

Our  knowledge  of  the  Western  cave  fauna  has  been 
enriched  especially  by  the  discoveries  of  Sinclair'  in  Cali- 
fornia, in  the  Potter  Creek  Cave,  probably  of  late  Pleisto- 
cene age.  This  includes  an  extremely  rich  series  chiefly  of 
the  mountain  and  forest  type.  Of  fifty-two  species,  twenty- 
one  are  extinct,  including  a  new  member  of  the  Ovinae  in  the 
genus  Euceratherium*  (Sinclair  ).  With  these  animals  are 
associated  relics  possibly  of  human  origin.  In  the  East,  the 
Port  Kennedy  Cave,  also  treated  by  Cope,  has  been  ex- 
haustively investigated  by  Mercer*,  and  shown  to  contain 
fifty  species  of  mammals,  including  chiefly  forest  types, 
among  which  are  the  Mastodon  americanvs^  a  tapir,  and 
two  species  of  Equus.  Again  no  human  remains  have  been 
found. 

As  regards  phylogeny,  the  horses  are  evidently  poly- 
phyletic ;  but  we  have  not  as  yet  worked  out  the  distinction 
between  possible  representatives  of  the  horses,  asses,  and 
zebras.  The  Proboscidea  have  been  clearly  distinguished 
(Pohlig,  Lucas,  Osborn*)  into  four  great  types  Mastodon 
amercianus  in  the  Eastern  and  Middle  States;  Elephas prim- 
igenixts  in  the  North,  practically  identical  with  the  north 
Asiatic  Mammoth ;  Elephas  columhi  chiefly  in  the  Middle 
States  but  also  in  the  Southern,  and  Elephas  imperator  in 
the  South  and  ranging  north  to  the  Middle  States;  these 
species  represent  profoundly  different  types  both  in  skull 

2  The    Exploration    of  the    Potter    Cretk     Cave.       Univ.  Calif.  Publ.  Amer. 
Archaeol.   &   Etlin.,   vol.   2,   No.  1,  1904. 

3  Euceratherium.        Univ.  Calif.   Publ.  Bull.   Dept.   GeoL,  vol.  3,   No.  20, 
1904.  pp.   411-418. 

4  The    Bone    Caxe    at    Port    Kennedy.      Jour.  Acad.  Nat.   Sci.  Phila.,  vol. 
xi.   pt.   2.   1899. 

5  Evolution    of   the    l*roboscidea    in    North    American.      Science,  N.  S.,  xvil, 
Feb.   13.   1903,   p.   24&. 
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and  tooth  structure.      Elephas  columbi  is  analogous  to  the 
{  JEJUiphas  antiquus  type  of  Europe ;  the  BZephas  imperator  is 

\  rather  analogous  to  the  E.  meridionalis  of  Europe.     It  is 

^^     -  altogether  probable  that  these  species  evolved  in  Eurasia 

and  arrived  fully  formed  in  America.  Naturally  their  geo- 
graphical ranges  overlap ;  but  E  imperator  is  never  found  in 
the  extreme  North,  nor  E.  prirnigenius  in  the  extreme 
South. 

\  In  conclusion,  the  great  problem  of  all  is  the  time  of 

\  arrival  of  man  amidst  the  Pleistocene  fauna.     This  event 

I  is  of  such  paramount  importance  that  we  must  prepare  for 

\  it  by  definitely  determining  the  chronological  stages  of  lower 

mammalian  succession.  At  present  man  appears  to  be  a  late 
arrival,  but  personally  I  have  a  strong  presentiment  that  hu- 
man remains  will  be  found  in  an  earlier  Pleistocene  stage 
than  is  generally  supposed. 


CHIEF  CENTRES  OF  ADAPTIVE  RADIATION  OF  THE  ORDERS 

OF  MAMMALS. 

I. — ^Jurassic   Radiation    (Partly   Hypothetical). 

Monotremata    (Hypothetical,   i.   e.   fossil   forms   not   yet   rec- 
ognized.) 
Marsupialia  (Triconodonta). 

Placentalia  (Insectivora  Primitiva,  =  Trituberculata.) 
II. — Marsupial  radiation,  upper  Cretaceous  and  Tertiary. 

Australia  (chief  centre),  Antarctica  and  South  America.  Only 
one  family  (Didelphyidae)  certainly  known  in  North  Amer- 
ica and  Eurasia. 

III. — First  or  lower  placental  radiation,  upper  Cretaceous  and  lower 
Tertiary  (=  Meseutheria  Osborn.) 
North   America    (chief  centre),   Europe,   Africa    (Creodonta), 
probably  extending  also  to  South  America. 

a.      Orders  Certainly  Recognized. 
Crcodonta.   surviving  to  Lower  Oligocene. 
Tillodontia,  Middle  Eocene  (possibly  related  to  Rodentia). 
Taeniodonta,  probably  related  to  Edentata  Gravigrada. 
Condylarthra,   surviving  to  Middle  Eocene. 
Amblypbda,  surviving  to  Upper  Eocene. 
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b.     Orders  not  certainly  known  in   Basal  Eocene   but 
probably  belonging  to  ibis  radiation. 

Insectivora,  giving  rise  to  modern  Insectivora. 
I^muroidea. 

Rodentia,   Not  yet  certainly   knov/n   earlier  than   Middle 
Eocene. 

rv. — Second  or  Higher  placental  radiation  (=  Ceneutheria  Osbom), 
Middle  Eocene  and  Tertiary. 

A.  Chief  centres  North  America  and  Eurasia,  migrating  to 
Africa  and  South  America. 

a.  Orders  derived  from  £rst  placental  radiation. 
Edentata  from   Radiation  III   (North   America  only). 
Insectivora  from  Radiation  I  and  III. 

Rodentia. 

b.  Orders  characteristic  of  second  placental  radiation. 
Cheiroptera. 

Carnivora  (Fissipedia  and  Pinnipedia). 

Primates,  Anthropoidea,  possibly  from  Radiation  III. 

Ferissodactyla,  Lower  Eocene. 

Artiodactyla,  Middle  EJocene. 

c.  Centres    of  orif>in    anknown. 

Nomarthra   or  Effodientia    (Lower   Oligocene   of  France, 

Necromanis  Filhol.) 
Tubulidentata    (First   appearing    in    Lower    Oligocene    of 

France,  Palxorycteropus  Filhol). 

B.  Chief    centre    AfHca.     migrating     in     upper     Oligocene 

(Slrcnia),  lower  Miocene  (Proboscidea),  and  Pliocene 
(Hyracoidea)  to  Europe,  to  Asia  (Hyracoidea).  Also 
to  North  and  South  America  (Proboscidea). 

rirenia.  Middle  and   Upper  Eocene. 

Proboscidea.  Middle  Eocene. 

Hyracoidea,  Upper  Eocene. 

Arsinoitherium. 

Barytheiium. 

C.  Chief  centre  South  America. 

a.  Autocthonous  orders. 
Litopterna. 

Toxodontla. 
Typotheria. 
Astra  potheria. 
Pyrotheria. 

b.  Autocthonous  or  derived  orders^  in  part. 
Edentata,    Suborders:    Lorigata    (Giyptodontia  and  Dasy- 

poda),  Pilosa  (Oravigrada,  Tardigrada,  Vermilingua). 
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Thus  the  degree  of  zoological  kinship  of  the  continents 
may  be  expressed  as  follows : 

1.  Close  kinship  of  North  America,  Asia  and  Europe 

(=  Holarctica),  having  all  pre-Miocene  Orders 
in  common,  and  separated  only  by  the  indepen- 
dent radiation  of  certain  families. 

2.  Separation  of  Africa  as  a  pre-Miocene  centre  of  at 

least  three  orders  not  found  in  Holarctica. 

3.  Strong    separation    of    South  America    from    the 

Eocene  until  the  Pliocene.  Affiliation  with  Aus- 
tralia. 


SOME  GEOLOGICAL  OBSERVATIONS  ON  THE  CENTRAL  PART 
OF  THE  ROSEBUD  INDIAN  RESERVATION, 

SOUTH  DAKOTA. 

By  Albkht  B.  Reaoan,  Mora,  Wash. 

PLATE  XII. 

CONTENTS. 

1.  Map. 

2.  IntroducUon. 

3.  Sections. 

4.  Formations  in  Detail. 

(A)  Pietre  Shales. 

(B)  OlifiTOcene. 

(C)  Arikaree. 

(D)  Ofirallala  (?) 

(E)  Qlacial  (T> 

( F)  Recent. 

5.  Bad  Lands. 

6.  Buttes. 

7.  Rattle   Snake  Butte. 

8.  Minerals. 

9.  Soil. 

10.  Water   (color,   taste,    alkali). 

11.  Sink-tioles,   ponds  and   lakes. 

12.  Springs. 

13.  Streams. 

(A)  Why  the  southern  tributaries  of  White  river  are  building 
up  their  channels  in  their  middle  courses. 

(B)  Change  of  Drainage  Courses. 

(C)  Why  Wliite  river  has  all  of  its  tributaries  on  its  southern 
side. 

14.  Irrigation. 

The  region  under  consideration  extends  from  Valen- 
tine, Nebraska,  north  to  beyond  White  river,  the  northern 
boundary  of  the  Rosebud  Indian  reservation;  and  both  to 
the  cast  and  to  the  west  of  the  White  Thunder  day  school 
of  that  reservation  a  distance  of  about  twenty-five  miles.  It 
is  wholly  within  the  "high  plains''  region,  and  is  a  grazing 
country  without  trees  of  any  sort  except  along  its  streams. 
Ce(>l()£!:ically  the  following    formations    are    exposed:    the 
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Recent  and  Glacial;  the  Ogallala,  Arikaree,  and  Oligocene 
Tertiaries;  and  the  Pierre  shales  of  the  upper  Cretaceous. 
Sbctions. 
1.     Section  on  the  blaff  east  of  Littk  Oak  Crtek,  on:  mile  eastot 
the  Ring  Tiiander  day  School. 

Oligocene:  Feet    Inches 

1.  Yellow  thin-bedded,  somewhat  porous  limestone 40 

Pierre  Shales: 

2.  Black  ahale  streaked  with  yellow  hands  of  iron  ore. .     10 

3.  Black  shale,  carrying  concretions  o(  iron  In  which 

are  occasional  Bacullte  fragments 40 


Arikaree:  Feet    Inches 

X.    Sand   15. 

Oligocene: 

Light  colored  shale  90 

White,  concretionary  stratum 4 

Light  colored  shale  having  an  olive  cast  when  wet. .  5  4 

Hard  white  limestone  stratum 6 

Brown  colored  shale   4 

Light  gray  shale,  weathering  brown 10 

Cream  colored  ahale  10 

Jointed,  very  hard,  yellow  shale IS 

3.     Section  in  a  well  at  Batter  Creek. 
Recent: 

1.  Yellow  clay  (bones  of  the  buffalo  and  deer) 10 

Pierre  Shales: 

2.  Black  to  gray  shale 12 

*.     Section   on  west   side  of  Oak  Creek,  eight  miles  south  of  Bad 
Nation  scboof  hoase. 
Glacial?: 

1.  IJght  colored  cl»y lo 

2.  Or«Tel  .- 6 

S.     Light  colored  day   6 

4.  Dark  clay  I 

5.  Cotitileslaoe-gruTel   stratum 3 

plerr*  Shales: 

e.    Graylxb-btach  shales  120 

5,     Seetioa  la  fiht  *«Akv  toath  of  Little  White  Hiver,  one  mik  above 
K  laiiutb  tif  Cm  JQeHt  emk 
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Recent: 

1.  Light  colored,  finely  laminated  clay 2 

2.  Dark  forest  ground  8 

3.  Yellow  sandy  clay  1 

4.  Fine  to  coarse,  banded,  cross-bedded,  white   sand    10 

6.  Section  at  the  water*s  edge^  aoatb  side  of  Little  White  river,  one 
and  one'-ioartb  mile  north  of  Ring  Thunder  school  house. 

'  Recent: 

1.  Black  earth 1 

2.  Gravel,  light  colored  sands  and  clays,  resting  uncon- 

formably  on  the  next  20 

3.  Partly  lithifled,  light  colored  clay 10 

4.  Bedded  gravel  interbedded  with  bands  of  light  col- 

ored sand.     This  stratum  rests  unconformably  on 
the  next  following 12 

5.  Brown,  clayey  material,  unconformable   both  with 

the  stratum  above  it  and  the  one  below  it 3 

6.  Grayish  black  shales  10+ . 

7.  Section  one  mile  northwest  of  the  White  Thunder  day  school. 

Oligocene  (near  base  of  the  formation) :  Feet  Inches 
1.  Clayey  shale  in  which  are  interstratified  bands, 
three  to  five  inches  in  thickness,  of  the  same 
material  containing  some  iron  ore.  The  bands 
are  harder  than  the  other  shales  and  show  an 
iron-rust,  red  ochre  color  when  wet 7 

8.  Section  on  Butte  one  mile  southeast  of  the  White  Thunder  dajr 
school, 

Arikaree:  Feet    Inches 

1.  Greenish,  shaly  to  thin  bedded  very  porous  sand- 

stone           6 

2.  Bluish  to  greenish,  somewhat  porous  sandstone 10 

3.  Greenish  sandy  shale   15 

4.  Clayey,  thin-bedded,  cream  colored  sandstone 14 

Oligocene: 

5.  Yellowish    chocolate,    cream    colored,    and    pinkish 

shales   " 70 

6.  Greenish  shales  to  thin-bedded,  often  porous,  sand- 

stone         4 

7.  Cream  colored  shales   4 

9.  Section  two  and  one-half  miles  south  of  the  White  Thunder  day 
school. 

Arikaree :  Feet    Inches 

1.    White  to  gray  flint,  in  which  are  numerous  gastro- 
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pod  Etiells.  ThU  flint  Is  the  cap  rock  of  many  ot 
tbe  Arikaree  buttes  of  the  region  adjoining  the 
Oilgocene  outcroii    4 

2.  Clayej-,  reddish   brown     sandy     shale     to     maaaive 

sandstone  breaking  down  In  terraces  in  some 
places    25 

3.  Unseen  60 

10,     Section  oa  Hattle  Snake  battc,  four  miles  south  of  tbe  Butte 
Creek  school  hoose. 

Arikaree:  Feet    Inches 

1.  Very   hard,    massive   to   ihln-bedded    aand stone,   so 

firmly  cemented  wlih  silica  that  the  rocli  la  a 
quartiyte.  (The  dip  of  these  sandstone  strata  la 
toward  the  north  8 

2.  Volcanic  ash  10 

3.  Hard,   light   brown,   massive   to   ttaln-bedded,  often 

laminated,  croas-bedded  sandstone  (dip  southeast)  140 
Oilgocene  ( ?) : 

4.  Unseen  100 

Pierre  Shales: 

5.  Unseen  40 

II.     Section  in  tbe  Had  Lands  jast  across  the  river  ftom  the  Ring 
Thunder  day  school.     Dip  of  strata  uoith. 

Arikaree:  Feet     Inches 

1.  Sand   and   sandy   clay    40 

Oilgocene : 

2.  Light  coloied  shale,  weathering  reddish  on  exposed 

surfaces,   the   reddlah   color   being  due  to  the   par- 
ticles of  iron  scattered  through  II 40 

3.  Light  colored,  occasionally     greenish    tinged,    soft 

shales,  banded  with  harder  streaks  of  practically 
(he  same  material.  In  which  are  occasional  iron 
nodules.  On  weathering  (he  whole  aeries  breaks 
down  Into  light  chocolate  to  pinkish  and  cream 
colored  potato  hltls  and  cones,  when  isolated: 
and  when  Joining  a  mesa,  into  smooth,  symmet- 
rical  hogbacks    50 

4.  Same  as  three  above  except  the  shales  have  not  the 

pinkish,  greenish  tinge  In  their  color 45 

6.  Yellow,   clayey    shales,   coatololng    so    many    iron 

brownish  to  a  red  ruit,  ri-a  ochre  eoloi,  ilu^'   lo 
the  brukra  pteota  at  ittm  scntieifil  r,v>'r  it-  fiii-e    10 
G.     I'nscen   •■•i->uMAtt^M" -     ^^ 
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Total  thickness  of  Oligocene  here 155 

Total  thickness  of  section 215 

12.  Section  from  the  month  of  White  Tbnader  creek  to  the  top  ot 
Mastodon  buttes  ( Three  Points)  at  the  head  of  Oak  creek,  one  mile  east 
of  the  artesian  well. 

Arikaree:  Feet    Inches 

1.  Very  hard,  calcereous-cemented  sand  rock,  in  which 

are  sticks,  bones  of  birds,  fishes,  and  animals, 
and  fragments  of  turtle  shell,  cork-screw  fossils, 
masses  of  fibers  and  rootlets,  etc.  This  stratum 
is  massive,  and  Is  the  topmost  rock  of  a  great 
part  of  the  Arikaree  formation  of  the  region.  It 
is  the  Daimonelix  beds  of  the  Nebraska  geolo- 
gists, so  named  on  account  of  the  fossil  cork- 
screws (Daimonelix)  found  in  it. 8 

2.  Partly  lithified  sand,  having  the  appearance  of  dune 

origin  (camel,  horse,  birds,  turtles) 10 

3.  Partly  lithified  sand  of  stream  origin.     The  water 

sorting,  laminating,  and  cross-bedding  are  all  in 
evidence  ,  (mastodon,  horse,  camel,  etc.)* 8 

4.  Partly  lithified  sand   40 

Oligocene : 

5.  Light  colored  to  pinkish  shales  (estimated) 234 

Pierre  Shales: 

6.  Dark  gray  shales  (estimated) 400 

Total    700 

13  Section  from  the  bridge  northeast  of  Rosebud  to  the  top  of  the 
hill  in  the  cat  on  the  Rosebud  Boarding  school  wagon-road.  Altitude 
estimated. 

Ogallala(?): 

1.  "Mortar  beds"  of  grit  and   calcarceous   magnesian 

limestone  permiscuously  mixed   20 

Arikaree : 

2.  Partly  lithified  ash  gray  to  brown  sand 60 

3.  Huff  colored  sand  forming  a  perpendicular  bank  on 

the  Rosebud  side  of  the  stream GO 

Total    140 

jForrnatio7i8  in  Detail 
The  Pierre  Shales  of  the  Cretaceous  system  underlie 
the  Tertiary  formations  wherever  found  and  are  the  country 
rock  in  all  places  where  the  Tertiary  has  been  removed  by 

•  The  writer  sent  the  rniversity  of  Indiana  twenty-nine  boxes  of  fos- 
sils  from   this   locality. 
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erosion.  As  is  shown  by  the  map  they  cover  all  the  lower 
country  of  the  region  and  extend  across  the  area  at  the 
head  of  Oak  creek  to  the  Kaya  Paha  (this  latter  was  not 
positively  determined  to  l)e  Cretaceous).  The  formation  is 
composed,  principally,  of  dark  gray  shales  containing  brach- 
iopod  shells  and  Baculites.  A  bluff  of  this  formation  on 
the  south  side  of  White  river  near  the  mouth  of  White 
Thunder  creek  is  three  hundred  feet  in  hight ;  Baculites  were 
obtained  from  its  summit.  The  entire  thickness  of  these 
shales  is  not  exposed  in  the  region  examined,  although  their 
thickness  there  must  exceed  600  feet. 

The  shales  are  destitute  of  value,  for  they  contain  no 
stone,  no  building  material,  no  water.  The  area  they  dom- 
inate is  an  alkali,  salt  grass,  prairie-dog  town  country. 

The  Oligocene  formation  forms  the  clay  bad  lands  lying 
between  the  Cretaceous  and  the  Loup  Fork  (Arikaree  and 
Ogallala)  formations,  forming  a  rough  broken  strip  which 
runs  in  a  general  east  and  west  direction  across  the  country. 
It  once  covered  the  whole  region  as  is  shown  by  detached 
patches  beyond  the  confines  of  the  area  mapped,  but  has 
subsequently  been  removed.  Its  strata  are  usually  hori- 
zontal. They  are  composed,  for  the  most  part,  of  light 
colored  to  pinkish  soft  shales  with  which  arc  interstratified 
bands  of  harder  material  carrying  some  iron.  Sandstone 
strata,  however,  are  occasionally  exposed.  The  formation 
beginning  with  a  cobble-stone  gravelly  stratum,  lies  uncon- 
formablv  on  the  Pierre  shales.  Its  shales  break  down  and 
so  slack  in  water  that  they  are  readily  carried  off  with  it. 
When  mixed  with  sand  in  the  right  proportion,  the  clays 
formed  from  the  shales  make  a  hard  cement,  which  the 
Indians  use  in  plastering.  The  cream  colored  to  pinkish 
colored  potato  hills,  cones,  castles,  terraces,  and  hog-backs, 
formed  by  the  breaking  down  of  these  shales,  make  this 
strip  picturesque. 

The  formation  has  the  appearance  of  having  been  be- 
gun by  river  action.  Later,  judging  from  the  fineness  of 
the  material,  the  area  must  have  become  a  deep  lake  and 
remained  such  for  a  long  period.  Finally,  the  lake  was 
filled  with  sediment  till  the  region  reached  the  swamp  stage; 
the  deposition  then  ceased. 
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The  Arikaree  Formation  overlies  and  rests  unconform- 
ably  on  the  Oligocene  series.  It  covers  the  entire  southern 
half  of  the  area  mapped,  save  where  it  is  removed  by 
erosion  at  the  head  of  Oak  creek.  Farther  to  the  north  sev- 
eral detached  patches  also  occur.  It  probably  once  covered 
the  whole  region,  but  must  have  been  very  thin  along  the 
northern  border,  as  the  exposures  show  that  it  gradually 
thinned  toward  the  north.  At  Valentine,  Nebraska,  it  is 
over  400  feet  in  thickness,  while  at  the  artesian  well  it  is 
less  than  160  feet.  It  is  composed  mostly  of  sand  in  various 
stages  of  hardness,  ranging  from  the  very  hardest,  unmeta- 
morphosed  rock  in  the  Rattle  Snake  buttes  to  wholly  un- 
lithified  sand  in  many  other  places.  The  latter,  however,  is 
packed  so  hard  by  pressure  that  a  pick  can  hardly  be  driven 
into  it.  At  all  places  where  the  whole  series  is  exposed, 
it  is  found  to  be  capped  with  a  very  hard  calcium  cemented 
sand  rock  from  eight  to  twenty  feet  in  thickness,  except  in 
the  Rattlesnake  Butte  region  where  it  is  quartzyte  sand- 
stone. On  the  whole  it  seems  to  be  dry  delta,  dune,  and 
river-channel  formation  instead  of  lake  deposit,  as  was  for- 
merly believed.  'The  whole  region  seems  to  have  peached 
the  ponded  stage  at  the  close  of  the  epoch.  The  strata 
thicken  and  thin  alternately.  They  are  often  fan  shaped. 
Many  that  are  very  thick  pinch  out  in  a  short  distance. 
Many  show  water  sorting;  some  only  for  a  little  ways,  oth- 
ers throughout  the  entire  exposure.  Others  are  composed 
wholly  of  fine  dune  sand ;  while  others  are  heterogeneously 
mixed.  Many  show  cross-bedding.  In  some  places  the 
strata  pitch  at  a  high  angle  one  way  for  a  little  distance  and 
at  another  angle  a  little  farther  on,  notwithstanding  that 
the  Oligocene  immediately  underlying  them  is  horizontal. 
In  many  other  cases  the  strata  dip  in  all  directions  from  a 
common  center,  the  formation  indicating  that  it  is  likely  an 
alluvial  fan  deposit. 

So  far  as  the  writer  could  determine,  there  is  no  evi- 
dence that  the  formation  is  lake  deposit.  On  the  contrary, 
land  snails,  bones  of  the  horse,  camel,  mastodon,  and  other 
land  animals,  together  with  the  dune  material,  seem  to  indi- 
cate that  it  is  stream,  pond  and  aeolian  in  origin. 

From  the  observations  of  the  writer,  which  were  not 
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extensive  enough  to  form  any  definite  conclusion,  it  would 
seem  that  possibly  a  large  stream  flowed  to  the  Gulf  along 
the  line  of  the  sand  deposits,  the  deposits  being  the  debris 
left  by  its  ever  changing  channel.  A  re-elevation  of  the 
central  plain,  after  a  long  lapse  of  time,  diverted  the  drain- 
age and  left  the  region,  first,  a  ponded  area  as  is  shown  by 
the  pond-holes,  and,  then,  arid  land. 

Again,  the  origin  of  th^  deposits  might  be  explained  by  - 
another  hypothesis  as  follows;  That  after  the  re-elevation 
of  the  Rocky  mountains  just  before  or  at  the  beginning  of 
the  Loup  Fork  epoch,  the  streams,  flowing  east  from  the 
continental  divide,  had  not,  as  yet,  formed  permanent  chan- 
nels across  what  is  now  our  western  plains.  Consequently, 
after  flowing  rapidly  down  the  mountain  slopes,  they 
spread  out  on  reaching  the  slack-water  region  of  the  plains 
forming  dry  deltas  or  alluvial-fan  deposits.  This  they  con- 
tinued to  do  till  time  and  re-elevation  of  the  plains  region 
caused  them  to  cut  permanent  channels  to  the  Mississippi 
river  and  the  gulf  of  Mexico. 

The  Ogallala  {f)  formation  was  found  exposed  in  a  cut 
on  the  Rosebud-Boarding  School  wagon  road  one-half  mile 
northeast  of  Rosebud.  In  general  appearance  and  in  com- 
position it  resembles  the  "mortar  beds"  of  Kansas  very 
much.  It  is  essentially  a  limestone  of  the  calcareous  mag- 
nesian  type  containing  many  impurities.  The  limestone  is 
wavy,  looks  much  as  if  it  had  been  run  through  a  crimping 
machine  before  hardening,  is  somewhat  continuous  in  stra- 
tum form,  and,  besides  being  gritty  itself,  is  intermixed  with 
grit  and  sand. 

In  this  formation  the  writer  found  bones  of  the  masto- 
don, horse  and  camel,  fragments  of  turtle  shell,  and  the 
bones  of  birds. 

In  places  the  limestone  of  these  beds  is  used  for  build- 
ing purposes,  for  which  it  is  said  to  be  a  good  rock, 

Dn  the  map  (ptalp  XH.)  these  beds  and  the  underlying 
Arikaree  are  mapped  together  as  Loup  Fork  Tertiary. 

Glacial  If)  debriti,  rock,  which  seemed  to  be  of  glacial 
origin,  was  noticed  at  several  places  on  the  bUifTs  of  lower 
Oak  creek.  As  the  great  glacier  extended  to  the  Missouri 
adjacent,  it  is  hi^ly  probaUc^gt  a  (glacial  lobe  crossed 
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over  to  the  White  river — Oak  creek  side.     It  will  necessi- 
tate more  research  work,  however,  to  determine  this  fact. 

The  Meoent  formation  {not.  mapped  ) extends  out  on  the 
bluffs  on  either  side  of  White  river  for  quite  a  little  distance. 
It  is  the  surface  rock  in  all  the  valleys  wherever  the  valley 
widens  out.  Along  White  river  and  Little  Oak  creek  it 
covers  the  meander  region.  The  bluff  formation  is  proba- 
bly Champlain  in  age,  some  being  probably  even  Glacial. 
The  formation  in  the  valleys  is  more  recent  and  extends  in 
time  to  the  present.  Little  Oak  creek  is  now  building  up 
its  lower  valley ;  and  White  Thunder  creek  its  valley  in  its 
middle  course.  The  whole  formation,  whether  in  the  val- 
ley or  on^the  bluffs,  is  of  river  origin. 

To  this  age  of  rocks  seems  to  belong  the  Tertiary  debris 
from  the  broken  down  mesas  and  bad  lands.  Though 
patchy,  this  debris  covers  at  varying  thicknesses  a  consid- 
erable part  of  the  area  marked  Cretaceous;  the  Tertiary, 
however,  is  not  in  "situ"  nor  in  thickness  enough  to  deter- 
mine the  surface  age. 

Resume:  As  the  Cretaceous  period  neared  its  close  the 
surface  of  the  region  became  dry  land  and  was  such  for  a 
long  period  as  is  shown  by  the  then  eroded  surface.  The 
region  then,  in  Oligocene  times,  began  to  fill  with  debris  of 
the  gravelly  cobblestone  type.  Later  it  apparently  became 
laked,  and  the  soft  fine-grained  shales  were  deposited. 
While  this  was  going  on,  fresh-water  fish  and  gigantic  tur- 
tles skimmed  the  waves  and  tropical  animals  roamed  along 
the  beach.  After  a  long  lapse  of  time,  the  region  again  be- 
came land  and  was  much  eroded.  Another  period  of  deposi- 
tion then,  in  Loup  Fork  times,  set  in.  The  whole  area  was 
flooded  with  sand.  This  was  deposited  at  intervals  till  it 
reached  a  thickness  of  more  than  400  feet  in  the  vicinity  of 
Valentine,  Nebraska.  Throughout  the  whole  time  the  re- 
gion seems  to  have  been  in  a  swamp  or  ponded  state.  As 
the  climate  was  tropical,  there  roamed  over  the  marshy 
areas  and  through  the  jungles  the  tiger,  horse,  hyena,  camel, 
mastodon,  and  the  many  other  tropical  animals  of  that 
epoch,  as  is  shown  by  their  fossil  remains.  The  region  was 
left  ponded  at  the  close  of  this  epoch.  In  the  succeeding 
«poch  the  present  streams  cut  their  channels  to  about  their 
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present  depth.  In  the  Champlain  epoch  they  refilled  them 
or  were  so  filled  with  water  that  they  deposited  debris  far 
out  on  the  adjoining  mesa  lands.  Since  then  stream  action 
and  deposition  have  been  going  on  about  as  now. 

Bad  Zands. 
The  bad  lands  are  along  the  Oligocene  outcrops.  They 
are  typical  "mauvaises  terres,"  but  of  course  are  less  exten- 
sive than  those  farther  west.  They. are  almost  destitute  of 
vegetation;  and  are  chiefly  noted  for  their  picturesqueness 
and  for  their  being  the  home  of  the  gray  wolf  and  the  co- 
yote. 

JSuttea. 

The  buttes  are  situated  upon  the  Oligocene  along  the 
break  line  of  the  Loup  Fork,  the  strip  having  a  general  east 
and  west  trend.  The  buttes  are  conical  or  rectangular  and 
flat  topped,  depending  upon  the  hardness  of  the  cap  rock; 
the  latter  usually  have  their  longest  axis  parallel  with  the 
nearest  stream.  The  rectangular  buttes  fn  the  vicinity  of 
the  White  Thunder  day  school  and  those  in  the  Robinson 
bad  lands  are  capped  with  flint.  The  Rattlesnake  buttes 
are  capped  with  quartzyte  sandstone.  The  conical  buttes 
are  generally  capped  with  the  Daimonelix  beds  of  the  Ari- 
karee  formation  where  they  have  not  been  removed  by 
erosion.  The  buttes  occupy  the  inter-stream  spaces  and 
range  from  200  to  300  feet  in  hight. 

It  would  seem  from  the  observations  that  the  flint  and 
quartzyte  capped  buttes  represent  ponded  areas  of  Arikaree 
times ;  the  Daimonelix  beds,  sand  dune  and  stream  regions, 
the  flint  and  quartzyte  sandstone  having  been  formed  under 
water.  This  opinion  is  strengthened  by  the  fact  that  the 
flint  contains  snail  and  turtle  shells;  the  Daimonelix  beds 
and  sand  areas,  the  bones  of  land  animals.  This  difference 
in  the  formation  of  the  original  surface  has  been  a  leading 
factor  in  determining  the  course  and  position  of  the 
streams.  The  inter-ponded  spaces,  though  being  the  higher 
ground,  were  less  hard  and  have  yielded  more  readily  to 
erosive  action;  hence  are  now  the  valleys. 

Battlesnake  Butte. 
The  Rattlesnake  buttes  were  so  named  on  account  of 
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An  east  and  west  section  throuflrh  Rattlesnake  Butte,  showing  the 
displaced  rocic  to  the  north.  Explanation:  1,  quartzjrte  sandstone;  2, 
volcanic  ash;  3,  sandstone;  4,  Oligocene  shales;  5,  Pierre  shales.  1-3 
are  Loup  Fork  Tertiary.     Altitude  auo  teet. 

the  great  number  of  rattlesnakes  found  there.  At  any  time 
in  summer  the  "rattlers"  can  be  seen  basking  in  the  sun 
by  the  hundred.  The  cap  rock  of  these  buttes,  as  we  have 
seen,  is  quartzyte  sandstone.  On  the  longest  and  highest 
butte,  called  Rattlesnake  butte,  it  is  very  thick,  and  the 
strata  are  usually  massive.  This  butte  has  had  a  geological 
accident  in  the  recent  past.  It  has  been  split  in  two  along 
its  longer  axis,  and  its  northern  half  has  slid  down  the  slope 
to  the  north i  so  that  what  was  once  the  top  is  now  the 
north  face  of  the  bluff,  the  rock  dipping  north  45  degrees. 
Thus  tilted,  the  broken  edge  forms  a  ridge  parallel  to  the 
remaining  original  top,  a  narrow  valley  occupying  the  in- 
tervening space. 

Another  geological  accident  awaits  this  butte  in  the 
near  future  of  geologic  time.  It  will  then  loose  its  top. 
This  top  is  very  narrow,  ten  to  twenty  feet  wide  and  already 
has  a  dip  of  ten  degrees  toward  the  north,  while  the  strata 
immediately  underneath  dip  south. 

Minerals, 
So  far  as  the  writer  knows  there  are  no  minerals  in  the 
region  worth  mentioning,  he  not  having  paid  any  attention 
to  minerals  in  his  investigations.  He  believes,  however, 
that  the  Miocene  (Oligocene)  shales  which  the  Indians  use 
in  plastering  might  prove  of  value  in  the  making  of  cement. 
Resides  this  possibility  of  the  clays  (shales)  being  of  value, 
placer  gold  is  said  to  exist  in  the  gravels  at  the  mouth  of 
Oak  creek.* 

•  Some   volcanic    ash    was    noticed  at  several  places,   but  the    qualit> 
and  quantity  were   not  determined. 
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Soil, 

The  soil  on  the  Oligocene  formation  and  on  a  great 
part  of  the  Cretaceous  is  very  poor;  but  in  the  valleys  and 
in  the  Loup  Fork  districts  it  is  good,  producing  excellent 
crops  whenever  there  is  a  sufficient  amount  of  rainfall. 

Water, 

The  water  of  the  Cretaceous  country  is  bitter  to  the 
taste  and  usually  contains  alkali,  sometimes  in  such  quanti- 
ties that  it  kills  stock  or  "alkalies"  them,  that  is,  causes 
them  to  loose  their  hoofs.  The  water  of  the  sand  districts 
has  a  good  taste  and  is  usually  wholesome.  Here  the  water 
for  ordinary  drinking  purposes  is  furnished  by  comparatively 

» 

shallow  wells. 

Throughout  the  entire  region  mapped  if  the  water  is 
running  slow  or  is  in  a  standing  condition,  it  has  a  color 
similar  to  that  of  the  water  in  a  drain  from  a  barnyard. 

Sink  JSoles^  Ponds  and  Lakes. 

Dry  sink-holes,  ponds,  and  lakes  of  considerable  size 
are  scattered  over  the  entire  country.  The  sink-holes  are 
due  to  underground  drainage.  In  many  places  the  last 
twenty  to  forty  feet  of  the  Oligocene,  except  the  very  last 
stratum,  is  often  a  very  porous  limestone;  the  same  is  also 
true  of  the  lower  strata  of  the  Arikaree  formation,  except 
that  the  porous  rock  is  sandstone.  Consequently  sink-holes 
are  readily  formed  when  the  less  porous  rock  is  removed. 
In  these  holes  after  a  big  rain  the  water  quickly  seeps  away 
and  comes  out  below  in  springs.  The  ponds  and  lakes  re- 
main partly  filled  with  water  most  of  the  year,  though  their 
dimensions  are  small  compared  with  what  they  were  for- 
merly as  is  indicated  by  the  old  beach  lines,  especially  in 
the  case  of  the  larger  lakes.  Some  of  the  lakes  have  water 
in  them  throughout  the  year.  The  ponds  and  lakes  are 
usually  due  to  the  unequal  piling  of  the  surface  debris  of 
the  formation  in  which  thev  occur.  The  most  of  them  are 
on  the  Loup  Fork  formation. 

Springs, 

Most  of  the  springs  are  located  at  the  heads  of  the  sev- 
eral streams  along  the  contact  lines  between  the  Loup  Fork 
and  the  Oligocene  and  the  Oligocene  and  the  Cretaceous. 
The  springs  of  the  former  group  are  good  drinking  water. 
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those  of  the  latter  very  poor.  The  latter  have  a  soapy^ 
clayey  taste.  The  springs  at  the  Ring  Thunder  day  school 
besides  having  this  taste  is  contaminated  with  the  drainage 
from  the  Indian  village  above  as  is  shown  in  the  accom- 
panying map  of  the  sink-holes  there.  The  Loup  Fork 
springs  in  the  vicinity  of  Valentine  and  Fort  Niobrara  and 
in  Smith's  canyon  ten  miles  farther  east  are  large.  Those 
at  Fort  Niobrara  furnish  water  for  the  fort,  and  the  Smith 
canyon  springs  water  over  two  thousand  head  of  cattle. 
None  of  the  springs  possess  medicinal  properties. 
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North    sink    hales    in    the    vicinity  of  the  Ring  Thunder  School. 

Scale 300  feet. 


Streams, 
The  streams  are  White  river  and  its  tributaries  at  the 
north,  and  the  Kaya  Paha  and  the  Minichadusa  at  the 
south.  All  of  the  head  streams  of  the  Kaya  Paha  run  above 
the  Oligocene.  Antelope  creek  is  always  clear  and  always 
has   running  water   in   it.     The   tributaries   of  the   White 
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river  all  head  at  the  top  of  the  divide  in  the  Loup  Fork 
formation.  They  have  water  in  their  upper  courses;  but, 
as  these  streams  are  building  up  their  middle  courses  with 
Loup  Fork  sand,  the  water,  on  reaching  this  part  of  its  re- 
spective channel,  sinks  beneath  the  surface.  White  river 
itself  is  a  large  stream  and  is  scarcely  fordable  on  account 
of  its  quicksand.  In  many  places  its  banks  are  very  steep 
forming  canyon  walls.  The  water  of  the  stream  in  the 
rainy  season  is  white,  the  color  being  due  to  the  white 
Oligocene  sediment  carried  in  the  water  from  the  Bad 
Lands.  At  other  seasons  of  the  year  the  water  is  practic- 
ally clear. 

Why  the  sout/iem  tributaries  of  White  river  are  build- 
ing  up  their  channels  in  their  middle  course  The  streams 
flowing  north  from  the  vicinity  of  the  artesian  well  cut 
through  both  the  Loup  Fork  and  the  Oligocene  formations 
in  the  first  six  or  eight  miles  of  their  respective  courses, 
falling  in  that  distance  from  three  hundred  to  three  hundred 
and  fifty  feet.  Then  as  the  Cretaceous  shales  yield  less 
readily  to  the  erosive  efforts,  the  fall  is  not  maintained  from 
there  on.  Hence  a  slack-water  region  is  produced.  In  this 
the  Loup  Fork  sands  are  deposited,  except  in  high  flood 
times  when  force  enough  is  given  to  the  water  by  its  volume 
to  carry  the  sediment  with  it  to  the  master  stream.  The 
aridness  of  the  region  aids  in  building  up  this  middle 
course. 

Change  of  Drainage  Courses.  In  the  early  history  of 
Antelope  creek  it  seems  to  have  flowed  north  as  the  head 
stream  of  Little  Oak  creek,  as  its  direction  of  flow  would 
tend  to  take  it  to-day.  Finally  the  Kaya  Paha  tapped  it 
above  the  site  of  the  boarding  school  and  captured  its  upper 
tributaries,  leaving  Little  Oak,  its  lower  channel,  to  dwindle 
to  a  dry  stream.  The  wind-gap  through  which  the  original 
stream  seems  to  have  run  together  with  the  great  bend  on 
Antelope  creek  at  this  point  bears  out  this  conclusion. 

Antelope  creek  is  now  in  danger  of  itself  being  tapped 
in  the  near  future  of  geologic  time  by  White  Thunder 
•creek.  This  creek  runs,  as  it  were,  at  right  angles  to  the 
Antelope ;  that  is,  it  would  form  a  pretty  good  perpendicular 
to  the  Antelope  if  continued  to  it.     The  Antelope  is  at  least 
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one  hundred  feet  higher  than  White  Thunder  creek  four 
miles  away;  and  both  streams,  here,  have  their  channels  in 
the  Loup  Fork  sands.  It  seems  to  be  only  a  question  of 
how  long  it  will  take,  the  result  is  evident. 

Oak  creek  is  likely  to  make  a  similar  capture  of  the 
Kaya  Paha  at  some  time. 

Why  White  river  has  aU  its  tributaries  on  its  southern 
side.  The  Cretaceous  north  of  White  river  dips  north  and 
naturally  causes  the  watershed  of  that  stream  on  the  north 
to  be  the  bluffs  on  that  side.  In  addition  to  this,  the  greater 
part  of  the  strata  to  the  north  are  Cretaceous  shales,  while 
to  the  south  they  are  horizontal,  softer,  Oligocene  shale* 
and  Loup  Fork  sands.  The  Tertiary  being  the  easier  eroded 
the  river  has  cut  its  tributaries  on  that  side. 

'Irrigation. 

Irrigation  is  not  carried  on  at  all  on  the  reservation; 
but  could  be  in  the  valleys  of  White  river  and  its  larger 
tributary,  Little  White,  also  along  Antelope  creek,  with  but 
little  expense.  The  valley  of  Little  White  is  about  a  mile 
wide  in  its  lower  course ;  and,  as  the  stream  is  at  base  level 
there  and  at  the  level  of  the  valley  floor,  this  whole  valley 
could  be  made  a  garden.  It  would  necessitate  considerable 
fluming,  however,  to  irrigate  the  bottom  lands  of  Big  White^ 
as  the  master  stream  is  usually  called  on  the  reservation, 
for  the  bluffs  wedge  in  to  the  water's  edge  occasionally; 
but  in  the  end  it  would  pay.  The  land  is  of  good  quality 
and  would  be  very  productive  if  water  could  be  got  to  it. 

The  Kaya  Paha  and  its  head  stream,  Antelope  creek, 
have  plenty  of  water  and  also  flat  valleys.  It  seems  a 
shame  that  the  Indians  allow  so  much  water  to  run  to  waste 
each  year,  when,  if  properly  used,  the  government  would 
not  be  compelled  to  feed  and  clothe  them. 

The  creeks  that  are  tributary  to  White  river  would 
furnish  no  water  for  irrigating  purposes,  not  even  by  the 
storage  reservoir  system.  Except  in  flood  times,  they  are 
practically  dry :  and  water  stored  in  them  seeps  away  in  the 
sand  that  fills  their  channels.  Side  reservoirs  in  the  little 
ravines  having  Oligocene  or  Cretaceous  shales  for  a  bottom 
are  the  only  reservoirs  that  hold  water  for  stock  during  the 
drv  season. 
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NOTES    ON    THE    DISTRIBUTION    OF    BRACHIOPODA    IN    THE 
ARNHEIM   AND   WAYNESVILLE    BEDS. 

By  Auo.  F.  FoKRSTE.  Dayton,  Ohio. 

In  the  first  volume  of  the  Geology  of  Ohio,  published 
in  1873,  on  page  397,  Prof.  Orton  states  that  the  lowest 
horizon  at  which  Leptaena  rhomboidalis  {Strophomena 
tenuistriata)  is  found  is  at  the  very  summit  of  the  Cincin- 
nati hills,  or  about  455  feet  above  low  water.  The  geo- 
logical horizon  at  which  the  Leptaena  occurs  at  Cincinnati 
is  fixed  by  the  statement,  on  page  394,  that  at  a  hight  of  425 
feet  above  low  water  a  belt  of  rock,  two  to  ten  feet  in  thick- 
ness, occurs  which  is  almost  entirely  composed  of  the  ventri- 
cose  full-grown  shells  of  Platystrophta  lynx  {Orthis  bifor- 
a/a.)  This  Lynx  horizon  was  considered  as  forming  virtu- 
ally the  summit  of  the  Cincinnati  section,  notwithstanding 
the  occurrence  of  Leptaena  rhomhoidaUs  at  a  higher  hori- 
zon. The  reason  is  given  on  page  370,  where  it  is  stated 
that  the  greatest  elevation  above  low  water  in  the  imme- 
diate vicinity  of  Cincinnati  is  given  by  the  city  engineer  as 
465  feet.  Subtracting  15  feet  for  the  drift  covering  at  the 
surface  wc  can  certainly  find  450  feet  of  bedded  rock  at  Cin- 
cinnati, almost  every  foot  of  which  lies  open  to  study  with- 
in the  city  limits.  The  only  stratum,  however,  that  admits 
of  easy  identification,  lies  at  an  elevation  of  425  feet  above 
the  river,  and  this  accordingly  is  assumed  as  the  upper  limit 
of  the  division  to  which  Prof.  Orton  gave  the  name  Cin- 
cinnati beds  proper. 

The  Platystrophta  lynx  horizon  at  Cincinnati  forms  the 
Mount  Auburn  bed  of  Xickles  (The  Geology  of  Cincinnati, 
Journal,  Cincinnati  Soc.  Nat.  Hist,  1903).  If  its  thickness 
be  estimated  at  20  feet,  it  is  evident  that  the  specimens  of 
Leptaena  must  have  occurred  at  least  10  feet  above  the  base 
of  the  Arnheim  or  Warren  bed.  This  estimate  is  probably 
too  low.  but  the  former  presence  of  the  lower  part  of  thfe 
Arnheim  bed  at  Cincinnati  is  certain. 

Laptaena  rhomboidalis  is  widely  distributed  in  the  Arn- 
heim bed.  In  Ohio  and  Indiana  it  occurs  near  the  middle 
of  the  bed,  making  its  first  appearance  a  short  distance  be- 
low the  Dinorthis  retrorsa  horizon  and  continuing  to  a  little 
above  this  horizon.     It  occurs  at  this  horizon  along  Reser- 
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voir  creek,  north  of  Lebanon,  Ohio ;  also  seven  miles  north- 
east of  Lebanon,  on  Lick  run,  opposite  the  mouth  of  Caesar 
creek;  along  Short  creek,  below  Arnheim,  42  miles  south- 
east of  Lebanon  ;  about  three  miles  south  of  Maysville,  Ken- 
tucky, along  the  railroad,  and  22  miles  south  of  Arnheim. 
In  Indiana,  Leptaena  rhomboidalis  occurs  at  the  Dinorthis 
retrorsa  horizon  about  40  miles  west  of  Lebanon,  and  five 
miles  east  of  P>rookvillc,  on  Big  Cedar  creek,  a  short  distance 
south  of  the  pike  to  Mount  Carmel ;  also  23  miles  south 
of  Erookville,  about  a  mile  southeast  of  Sparta,  east  of  the 
Sparta  fork  of  Allen  branch ;  33  miles  southwest  of  Sparta, 
opposite  Madison,  along  the  pike  from  Milton,  Kentucky, 
to  Bedford,  at  the  head  of  the  first  gully  crossed  by  the 
pike,  about  on  the  same  level  as  the  bridge,  about  a  mile 
south  of  the  Ohio  river;  about  20  miles  southeast  of  Madi- 
son, about  a  mile  east  of  Pendleton,  Kentucky,  on  the  Louis- 
ville and  Nashville  railroad,  at  the  second  railroad  cut  east 
of  a  house  on  the  north  side  of  the  railroad.  The  associa- 
tion of  Leptaena  rhomdouiaiis  with  Dinorthis  retrorsa  has  not 

been  noted,  so  far,  at  any  locality  south  of  those  men- 
tioned as  occurring  near  Maysville  and  Pendleton,  Ken- 
tucky, but  this  is  merely  because  Dinorthis  retrorsa  has  not 
been  detected  farther  southward.  Leptaena  rhomboidalsi 
continues  to  occur  at  the  same  horizqn  at  least  as  far  as 
Lebanon,  Kentucky.  Dinorthis  retrorsa  is  listed  by  Linney 
in  b.is  Notes  on  the  Rocks  from  Central  Kentucky,  published 
by  the  Kentucky  Geological  Survey  in  1882 ;  but  it  is  not 
stated  at  what  locality  it  was  found,  although  the  list  pre- 
sumably includes  only  fossils  from  the  counties  lying  be- 
tween Madison  and  Marion  county.  In  the  Geology  of 
Marion  county,  by  W.  T.  Knott,  and  published  in  1885,  how- 
ever, the  name  does  not  occur. 

There  is  no  very  good  reason  for  doubting  the  accuracy 
of  the  identification  of  Dinorthis  retrorsa  from  central  Ken- 
tuckv.  The  fossil  has  a  verv  characteristic  form  and  should 
not  readily  be  mistaken.  At  any  rate,  Dinorthis  retrorsa 
has  l.ccn  found  associated  with  Leptaena  rhomboidalis  as 
far  south  as  the  landing  at  Clifton,  on  the  Tennessee  river, 
in  western  Tennessee. 

Another  fossil  having  a  considerable  distribution  at  the 
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• 

Dinorthis  retrorsa  and  Leptaena  rhomboidalis  horizon  is 
Rhynchotrema  dentata,  or,  at  any  rate,  a  scarcely  distin- 
guishable variety  of  this  species.  It  occurs  at  this  horizon 
at  Arnheim,  Ohio,  and  near  Maysville,  Kentucky.  Farther 
southward,  in  the  absence  of  Dinorthis  retrorsa^  it  may  be 
traced  along  the  same  horizon,  in  association  with  Leptaena 
rhomboidalis . 

Ryjichotrcfna  dcntata  occurs  associated  with  Lep- 
taena rhombaidalis  at  the  Brown's  run  school  house,  about 
8  miles  southeast  of  Maysville,  two  miles  northeast  of  Rec- 
torville ;  also  30  miles  south  of  Maysville,  at  the  foot  of  the 
hill  east  of  Wyoming;  14  miles  southwest  of  Wyoming, 
about  half  a  mile  southwest  of  Howard  mill,  on  the  road 
over  the  hill  to  Spencer;  13  miles  southwest  of  Howard 
mill,  at  the  Curry  bridge  across  Howard  creek,  reached  by 
going  a  mile  south,  and  then  two  miles  west  from  Indian 
Fields.  A  mile  north  of  the  crossing  of  the  Stanford-Row- 
land pike  over  Logan  creek,  at  a  large  exposure  on  the  west- 
ern side  of  the  creek,  Leptaena  rhomboidalis  was  found  in 
the  upper  part  of  the  exposure.  Rhynchotrema  dentata  is 
found  associated  with  Leptaena  rhomboidalis  also  a  mile 
and  three-quarters  west  of  the  court  house  at  Lebanon,  Ken- 
tucky, near  the  lower  part  of  a  gully  located  20  degrees  west 
of  north  from  the  home  of  Col.  J.  B.  Wathen ;  also  30  miles 
northwest  of  Lebanon,  half  a  mile  north  of  High  Grove,  and 
about  six  miles  south  of  Mount  Washington. 

Leptaena  rhomboidalis  may  be  found  at  many  localities 
at  which  Dinorthis  retrorsa  and  Rhynchotrema  dentata  are 
absent.  This  horizon  in  the  Arnheim  bed  is  fairly  fossili- 
ferous  at  all  localities  in  Ohio,  Indiana,  and  Kentucky.  On 
this  account  it  may  be  traced  with  confidence  entirely 
around  the  Ordovician  area  of  Ohio,  Indiana,  and  Kentucky. 
It  promises  to  be  a  very  valuable  horizon  for  purposes  of 
mapping,  especially  for  those  who  are  not  familiar  with  the 
bryozoans  of  this  area,  the  bryozoans,  after  all,  constituting 
the  final  authority  in  the  discrimination  of  Ordovician  strata. 

Rhynchotrema  dentata  is  found  in  association  with  Lep- 
taena rhomboidalis  and  Dinorthis  retrorsa  also  at  Clifton, 
Tennessee. 

On  the  eastern     side     of    the     Cincinnati     geanticline. 
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Platystrophia  lynx  is  very  abundant  in  the  Mount  Auburn 
bed,  but  along  this  area  it  is  found  also  in  the  Warren  bed, 
usually  near  the  middle  of  the  Arnheim  bed,  but  a  short  dis- 
tance  beneath  the  Dinorthis  retrorsa  horizon.  In  the  lower 
part  of  Lick  run,  opposite  the  mouth  of  Caesar  creek,  north- 
east of  Lebanon,  Ohio,  Platystrophia  lynx  occurs  7  feet  be- 
low the  Dinorthis  retrorsa  horizon.  Near  Arnheim,  Ohio, 
it  occurs  about  8  feet  below  Dinorthis  retrorsa.  At  Wyom- 
ing, Kentucky,  a  massive,  fine  grained,  argillaceous,  blue 
limestone  underlies  the  horizon  containing  Rhynchotrema 
dentata  and  Leptaena  rhomboidalis^  and  at  various  levels 
in  this  rock  Platystrophia  lynx  may  be  found.  Platystrophia 
Ivnx  is  associated  with  Leptaena  rhomboidalis  at  this  hori- 
zon at  all  points  farther  southward.  At  some  of  these,  for 
instance  at  the  locality  west  of  Lebanon,  Platystrophia  lynx 
occurs  both  above  and  below  this  horizon.  On  the  western 
side  of  the  Cincinnati  geanticline,  a  few  specimens  of 
Platystrophia  lynx  may  be  found  two  or  three  feet  above 
the  Leptaena  rhomboidalis  horizon  even  as  far  north  as  the 
locality  along  the  creek,  about  a  mile  south  of  Mount 
Washington,  in  Bullitt  county,  Kentucky,  but  farther  north 
no  specimens  of  Platystrophia  lynx  have  been  detected  as 
yet  in  the  Arnheim  bed.  As  far  as  may  be  judgfed  from 
the  evidence  at  hand,  Platystrophia  lynx  after  a  period  of 
extraordinary  development  during  the  Mount  Auburn 
period  ,  was  much  reduced  in  numbers  and  disappeared 
northward,  but  continued  to  exist  in  southern  Kentucky 
during  the  deposition  of  the  lower  part  of  the  Arnheim  bed. 
During  the  middle  of  the  Arnheim  period  it  increased  in 
numbers  and  extended  its  range  northward  at  least  as  far 
as  Lick  run  on  the  eastern  side  of  the  Cincinnati  geanticline, 
but  on  the  western  side  it  has  not  been  found  at  this  level, 
as  yet,  north  of  Mount  Washington. 

No  specimens  of  Platystrophia  lynx  were  found  at  the 
Dinorthis  retrorsa  horizon,  at  Clifton,  Tennessee,  but  at 
Xewsom,  a,bout  15  miles  southwest  of  Nashville,  a  single 
good  s[)ecinien  was  found  in  association  with  four  specimens 
of  Rhynchotrema  dentata  in  what  is  regarded,  provisionally, 
as  equivalent  to  the  Arnheim  bed. 

Another  fossil,  whose  presence  near  the  middle  of  the 
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Arnheim  bed  is  of  interest,  is  Dalmanella  jugosa.  This 
species  occurs  in  such  great  numbers  in  the  lower  part  of 
the  Waynesville  bed  in  most  parts  of  Ohio  and  Indiana, 
that  this  part  has  been  called  the  Dalmanella  zone.  How- 
ever, it  occurs  at  some  localities  also  in  considerable  num- 
bers in  the  middle  and  lower  part  of  the  Arnheim  bed. 
This  is  true  especially  in  Franklin  county,  Indiana.  Its 
range  begins  at  least  10  or  15  feet  below  the  Diiiorthis  re- 
trarsa  zone,  and  extends  for  several  feet  above  the  latter. 
On  the  eastern  side  of  the  Cincinnati  geanticline,  at  Arn- 
heim, Ohio,  Dalmanella  jiigosa  is  rather  abundant  in  a  layer, 
nine  inches  thick,  also  containing  Platystrophia  lynx  which 
is  nearly  9  feet  below  the  Dinorthis  retrarsa  horizon.  It  . 
occurs  associated  with  Platystrophia  lynx,  also  at  Mays- 
ville,  Kentucky,  eight  feet  and  three  inches  below  the  low- 
est specimens  of  Leptaefia  rhomboidalis  and  a  greater  dis- 
tance below  the  Dinorthis  retrorsa  horizon.  At  most 
localities,  however,  Dalmanella  jugosa  rare,  or  even  ab- 
sent, in  the  Arnheim  bed. 

Dalmatiella  jugosa  is  found  associated  with  Dinorthis 
retrorsa,  Rhyiichotrema  dentata,  and  Leptaetia  rhomboid- 
alis at  Clifton,  Tennessee,  and  is  associated  with  Platy- 
strophia lynx,  and  Rhynchotrcma  dentata  at  Newsom,  in 
that  state. 

On  going  from  Maysville,  Kentucky,  and  Madison,  In- 
diana, southward,  toward  central  Kentucky,  the  lower  part 
of  the  Richmond  is  found  to  become  rapidly  more  argilla- 
ceous and  less  fossiliferous.  At  the  more  southern  locali- 
ties, in  central  Kentucky,  there  are  no  specimens  of  Strepte- 
las7fta,  Protarca,  Stfopho7nena,  Lcptaena,  Rhyncliotrema 
capax,  no  numerous  specimens  of  Dalmanella  jugosa  pres- 
ent, as  in  the  lower  part  of  the  Richmond  in  Ohio  and  most 
of  Indiana.  A  thin  zone  of  bryozoans,  several  feet  thick, 
is  found  at  the  very  base  of  the  Richmond,  but,  for  those 
who  do  not  make  a  special  study  of  bryozoans,  their  identi- 
fication is  nof  easy,  and  their  utilization  for  determining  the 
boundaries  between  the  Richmond  and  Maysville  or  Lor- 
raine divisions  of  the  Cincinnatian  ])ccomes  impracticable. 
Hence  the  great  value  of  the  DinortJiis  retrorsa,  f^cptaena 
rhoinboidalis,    RJiyncJiotrctna   dentata    horizon    for    the    aver- 
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ag:e  investigator.  With  this  horizon  as  a  g^uide,  the  line  be- 
tween the  Richmond  and  Maysville,  determined  at  a  few 
localities  by  an  expert  on  bryozoans.  may  be  followed  for 
long  distances  merely  by  taking  advantage  of  litholog^cal 
differences. 

.Another  point  of  interest  in  connection  with  this  Dinor- 
this  rctrorsa,  Rhyjichotrema  dcntata,  and  Leptaena  rhom- 
boidalis  zone  at  the  middle  of  the  Arnheim  bed  is  their  re- 
currence in  the  Waynesville  bed.  They  are  found  in  the 
upper  third  of  the  Waynesville  bed  in  various  parts  of 
Union  and  Franklin  counties,  Indiana;  and  Rhynclwtrema 
dentata  and  Lcptaciia  rlwmbaidalis,  without  the  presence 
of  Dinorthis  retrorsa,  are  widely  distributed  at  this  horizon 
in  C^hio,  Indiana,  and  adjacent  Kentucky. 

A  most  interesting  case  of  the  recurrence  of  species  has 
recently  been  discovered  by  Dr.  George  M.  Austin  at  Stony 
Hollow,  north  of  Todd  fork,  at  Clarksville,  southwest  of 
Wilmington,  Ohio.  Here  Herbertella  insculpta  occurs  in  the 
Waynesville  bed  thirty  feet  below  the  chief  Herbertella  in- 
sculpta horizon  which  is  used  to  distinguish  the  Waynes- 
ville bed  from    the  Versailles    or    Middle    Richmond  bed. 

• 

Zygospira  kentuckierisis  was  found  15  feet  below  the  top 
of  the  Waynesville  bed,  and  about  45  feet  above  the  base. 
East  of  Pendleton,  Kentucky,  Zygospira  kentuckiemis  oc- 
curs in  association  with  Tetradium  ftbratum  and  Calopoecia 
cribrifannis,  5  feet  below  the  lowest  layers  containing 
Streptelasma  rusticum  and  Strophomena  planumbona,  and 
between  40  and  50  feet  above  the  base  of  the  comparative- 
ly nonfossiliferous  beds  which  here  represent  the  middle  and 
lower  part  of  the  Waynesville  bed.  The  same  Zygospira 
kentuckicnsis  horizon  is  exposed  at  the  mouth  of  Bull  Creek 
Clark  county,  Indiana.  Here  the  lowest  layers  containing 
Dinorthis  subquadrata  occur  20  feet  above  the  top  of  the 
Zygospira  kentuckicnsis  horizon,  with  Streptelasma  rusticum 
Columnaria  halli,  Strophome?ia  planumbona  and  Rhyncho- 
trema  capax  in  the  intervening  rocks.  This  Zygospira  kefi- 
tuckicnsis  horizon,  with  the  overlying  fossiliferous  beds  may 
be  traced  as  far  southward,  as  Lebanon,  Kentucky.  It  was 
noticed  by  Linney  in  Nelson  county,  Kentucky  (Geology  of 
Nelson  county,  1884,  page  34).      The    Rhynchottema    denta- 
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ta  and  Leptaena  rhamboidalis  mentioned  in  the  same  sen 
tence  occur  much  lower,  associated  with  Plaiysirophia  lynx, 
in  the  Arnheim  bed;  East  of  Pendleton,  in  Henry  county, 
the  Zygospira  kentuckiensis  hofizon  is  found  73  feet  above 
the  horizon  containing  Dijwrthis  retrorsa  and  Leptacena 
rhamboidalis. 


EDITORIAL  COMMENT. 


The  Williamette  Meteorite. 

Mention  was  made  in  the  current  volume  of  this  jour- 
nal (p.  47)  of  this  wonderful  meteorite.  Later  it  was  trans- 
ferred to  the  "mining  building"  at  the  Lewis  and  Clark 
Exposition,  at  Portland,  Ore.,  where  it  remained  till  the 
close  of  that  exposition.  As  it  was  being  moved  into  the 
building  the  writer  made  (August  23)  the  photograph  which 
is  reproduced  herewith,  (plate  xiii,  fig.  i).  Prof.  H.  A. 
Ward  has  published  a  description  of  this  iron,*  with  ample 
illustration,  and  the  accompanying  figure  2,  of  plate  xvi,  is 
taken  from  his  publication. 

The  general  shape  of  the  mass  is  that  of  a  depressed 
liberty  bell  somewhat  elongated  by  lateral  pressure.  The 
general  outline  is  rounded,  there  being  no  angularities  ex- 
cept at  the  edges  of  the  basins  or  holes  that  penetrate  it, 
and  which  occupy  a  large  part  of  the  lower  surface.  The 
size  of  the  mass  is  expressed  by  the  following  dimensions: 

Extreme  length  10  ft.  y/2  inches. 

Breadth  7  ft. 

Right  4  ft. 

Estimated  weight,  from  12  to  15  tons. 

When  it  was  discovered  it  lay  nearly  buried  in  the  earth 
and  soil,  but  a  small  part  of  it  being  visible.  On  being  ex- 
humed it  was  found  to  lie  with  its  conical  point  downward, 
the  reverse  of  the  position  shown  in  fig.  2  of  plate  xvi.  It 
is  probable  that  in  passing  through  the  air  in  its  descent  it 
had  that  position.     The  denser  part  is  in  the  cone  and  that 

•  Proc,   Rochester  Academy  of  Science,  vol.  4,  pp.  137-148,  March.  1904. 


FlO.  1.     IBM  WlLlUHITTI  MrrSOBITE. 

Hk:  10ft.34ln.,7«    .4(1 

f        Jf 

~''1 

^ 

w 

i2-: 

Editorial  Comment.  251 

part  must  necessarily  have  been  in  advance  of  the  lighter 
portion,  which  was  that  shown  now  by  the  lower  surface. 
The  lower  surface  has  lost  a  large  portion  of  its  original 
mass  through  the  removal  of  such  ingredients  as  once  filled 
the  openings.  Those  ingredients  were  certainly  not  metallic 
iron,  but  probably  such  stony  matter  as  is  frequently 
known  to  accompany  sideritic  meteorites;  although  at  the 
present  time  no  trace  of  such  stony  matter  remains. 

The  whole  surface  has  lost  its  original  scale,  if  it  had 
one,  and  is  covered  now  by  a  film  of  iron  rust,  which,  in 
some  of  the  protected  depressions  at  the  base  of  the  conical 
part,  is  so  thick  that  it  forms  a  firm  scale  about  a  thirty- 
second  part  of  an  inch  in  thickness.  Such  scale  of  iron 
rust,  which  must  have  covered  the  whole  mass  rather  uni- 
formly originally,  and  has  been  rubbed  off  by  the  accidents 
of  transportation,  indicates  the  long  period  of  time  which 
has  elapsed  since  the  iron  reached  the  earth.  It  appears  to 
require  an  oxidation  continued  through  many  centuries,  and 
perhaps  thousands  of  years.  On  the  conical  part  Dr.  Ward 
mentions  the  occurrence  of  isolated  small  protuberances  of  a 
slightly  darker  shade  than  the  main  mass.  He  attributes 
them  to  "flows  of  melted  matter  which  were  once  more 
widespread,  or  continuous;"  they  would,  in  that  case,  be 
remnants  of  the  fused  dark  film  by  which  all  meteorites  are 
covered  when  they  fall.  It  might  be  questioned,  however, 
whether  such  fused  flowage  matter  would  be  less  or  more 
oxidizable  than  the  mass  of  the  iron.  Being  non-crystalline 
it  would  be  reasonable  to  expect  it  to  be  more  attackable  by 
the  atmosphere,  and  by  moisture  in  the  ground,  than  the 
crystalline  iron  mass,  and  hence,  rather  than  standing  out  in 
prominences  it  would  wholly  decay  and  slough  off  before 
the  iron  could  be  reached.  The  writer  noticed  these  darker 
patches,  which  average  from  half  to  three-quarters  of  an 
inch  across,  and  on  the  spot  assumed  that  they  are  due  to 
inequalities  in  the  iron,  or  to  the  occurrence  of  some  ingre- 
dient less  oxidizable  than  the  iron  by  which  they  are  sur- 
rounded. They  do  not  appear  to  be  composed  of  troilite  nor 
of  any  silicate,  and  the  the  occurrence  of  diamonds  of  that 
size,  while  possible,  is  perhaps  too  bold  a  suggestion  to  be 
entertained. 
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The  flange,  or  rim,  of  the  meteorite  presents  characters 
very  remarkable  and  different  from  the  conical  part.  Here 
can  be  seen  those  surface  pittings  which  are  common  on 
meteorites.  They  are  coarse,  sometimes  reaching  more  than 
an  inch  in  diameter.  They  can  be  seen  on  the  plate  (xiii) 
at  the  lower  left  hand  corner  of  figure  i  and  less  distinctly 
at  the  right  hand  lower  corner  and  uniformly  over  the  lower 
surface  in  figure  2.  So  far  as  the  writer  observ- 
ed there  is  here  no  remnant  of  the  "black  crust,"  but  the  de- 
pressions are  covered  with  a  later-formed  crust  of  iron  rust. 
This  rusting,  however,  appears  to  have  been  less  intense 
than  on  the  cone.  The  film  is  not  so  thick  and  the  pittings 
themselves  are  not  destroyed.  This  difference  may  be  due 
to  the  fact  that  the  upper  surface,  as  it  lay  in  the  ground, 
was  less  continuously  wet,  and  may  have  stood  for  many 
years  some  inches  above  the  surface  of  the  soil.  These  sur- 
face pittings  do  not  appear  in  the  basins  and  holes  that  char- 
acterize the  lower  surface  of  the  meteorite,  but  the  interior 
surfaces  of  those  basins  are  marked  by  larger,  irregular 
swellings  and  branches  that  resemble,  in  shape  the  irregu- 
larities which  mark  the  outlines  of  these  basins  at  their  in- 
tersection with  the  general  surface.  This  curious  appear- 
ance is  illustrated  by  fig.  2,  plate  xvi,  where,  by  a  conceit 
of  the  photographer,  two  children  are  seen  resting  in  the 
concavities. 

It  is  only  by  reference  to  the  photograph  copied  from 
Dr.  Ward's  description,  that  one  can  get  a  correct  idea  of 
these  most  singular  concavities.  They  swell  out  so  as  to 
come  into  union  with  each  other,  or  almost  into  contact, 
separated  only  by  thin  partitions  of  the  metallic  iron  of  the 
mass.  The  iron  which  separates  these  basins  along  such 
partitions,  leaves  on  breaking  down,  or  rusting  away,  sharp 
edges  and  little  buttresses.  Some  of  the  depressions  are 
small,  not  more  than  an  inch  in  diameter.  They  all  come  to 
sharp  edges  where  they  intersect  the  pitted  surface,  and  al- 
most without  exception  they  are  larger  at  some  depth  from 
the  surface  than  at  the  surface.  The  smaller  ones  appear 
not  only  in  the  main  metallic  mass,  near  the  base  of  the  con- 
•ical  part,  but  most  abundantly  throughout  the  iron  that  en- 
doaes*  tjic;:  large  concavities.  Some  of  these  smaller  open- 
auger  holes,  and  some  of  them  pass 
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quite  through  the  flange,  being  a  foot  or  more  in  length 
and  only  an  inch  or  two  in  diameter.  From  these  elongated 
holes  there  are  all  stages  of  gradation  to  the  shallower  and 
larger  basins,  indicating  a  common  nature  and  origin. 

Dr.  Ward  makes  a  distinction  between  the  channels 
and  basins  on  the  two  sides  (the  upper  and  the  lower)  of 
the  iron  mass.  Those  on  the  conical  side  (the  brustseite) 
are  attributed  by  him  to  atmospheric  pressure  and  friction. 
Those  which  cross  the  outer  edge  of  the  great  flange,  cut- 
ting channels  across  its  outline,  he  likewise  ascribes  to  the 
action  of  the  compressed  air  and  the  heat  resulting  from  the 
passage  of  the  mass  through  the  atmosphere,  while  those 
which  are  wholly  confined  to  the  lower  surface,  not  pene- 
trating deep  enough  to  reach  the  brustseite,  nor  extending 
laterally  far  enough  to  reach  the  outer  edge  of  the  flange, 
he  attributes  to  atmospheric  decomposition  of  the  iron  since 
it  fell,  aided  by  the  moist  soil  and  the  carbonic  acid  result- 
ing from  vegetable  decay. 

The  parties  having  the  meteorite  in  charge  at  the  Lewis 
and  Clark  Exposition,  attached  a  label  which  read  as  fol- 
lows, evidently  derived  from  Dr.  Ward's  paper : 

"When  this  meteorite  was  discovered  it  was  imbedded  in  the 
earth,  the  base  uppermost,  the  position  which  it  probably  held 
when  it  fell  through  our  atmosphere,  centuries  ago.  The  pitting, 
hollowings,  and  channelings  observed  on  the  surface  are  due  to 
the  heat  caused  by  the  compression  of  the  air." 

We  are  compelled  to  take  sharp  issue  with  Dr.  Ward  as 
to  the  origin  of  these  features.  We  did  not  notice  any  of 
those  differences  which  he  mentions,  and  most  of  the  hypo- 
th»-t!cal  operations  of  the  air  appear  to  be  problematical  or 
impossible,  so  far  as  applicable  to  this  meteorite.  We  can- 
not understand  how  the  air  can  bore  auger  holes  into  an 
iron  meteroite,  and  that  too  in  various  directions.  Some 
of  these  small  excavations  are  directed  parallel  (or  approxi- 
mately so)  to  the  supposed  direction  of  flight ;  others  are 
nearly  at  right  angles  to  it.  They  also  branch  or  anasto- 
mose with  others.  They  appeared  to  the  writer  to  grade,  as 
to  form  and  position  in  the  iron  mass,  into  each  other,  and 
to  differ  only  because  of  the  form  and  position  of  some  dif- 
ferent ingredient  which  once  occupied  the  cavities.  It  is 
to  the  writer  very  questionable  whether  any  meteorite,  in 
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passing  through  the  atmosphere,  becomes  heated  to  the 
depth  of  any,  even  the  shallowest,  of  these  cavities.  When 
the  Winnebago  meteorite  fell,  one  of  the  three  large  masses 
struck  in  a  meadow  where  the  dried  long  grass  was  carried 
by  it  into  the  earth.  On  being  exhumed  the  dry  grass  had 
not  been  consumed,  nor  charred,  but  adhered  to  the  meteor- 
ite when  it  was  taken  out.  Another  small  piece  fell  on  a 
straw  stack,  but  did  not  set  it  on  fire.  This  goes  to  show 
that  the  heat  experienced  by  a  meteorite  when  it  falls  is  but 
momentary,  and  aflfects  only  the  surface.  It  is  intense,  and 
fuses  the  matter  of  the  meteorite  superficially  forming  a 
glassy  "black  crust"  which  is  well  known;  and  it  goes  also 
to  show  that  such  channels  and  furrows  as  observed  on  the 
Willamette  meteorite  can  scarcely  be  attributed  to  heat  and 
friction  of  the  air  at  the  time  of  the  fall.  It  is  difficult  to 
understand  why,  if  these  phenomena  be  due  to  the  heat  and 
friction  of  compressed  air  during  the  passage  of  the  mass 
through  the  air,  they  are  confined  to  the  rear  surfaces  of  the 
mass.  It  would  be  reasonable  to  expect  to  see  the  effect  of 
compressed  air  at  the  point  of  greatest  compression,  i.  e.,  the 
front  side  of  the  mass,  but  they  are  entirely  wanting  on  the 
front.     They  are  most  abundant  on  the  rear  flat  surface. 

Again  it  is  difficult  to  understand  why  an  iron  mass 
should  be  corroded  and  rusted  out,  in  the  manner  assumed 
Dy  Dr.  Ward,  by  atmospheric  air  and  water  after  it  fell. 
He  assumes  that  initial  rusting  points  extended  themselves 
so  as  to  form  basins  and  cavities  such  as  seen  on  the  base 
of  this  meteorite,  the  carbonated  water  once  gathered  in  the 
depression  having  eaten  into  the  iron  deeper  and  deeper, 
expanding  its  basin  on  all  sides  as  it  goes  down.  It  would 
be  germane  to  inquire,  under  that  hypothesis,  (i)  Why  the 
depressions,  were  not  filled  with  iron  rust  instead  of  soil 
when  they  were  discovered?  (2)  If  the  mass  was  uniform 
iron,  as  presumed  by  this  hypothesis,  why  was  it  not  uni- 
formly rusted  all  over  the  surface,  even  the  upper  (originally 
upper)  surface  which  was  slightly  "crowning"  so  as  to  shed 
water?  (3)  Why  was  the  edge  of  the  flange  eaten  into,  and 
even  cut  entirely  through  from  top  to  bottom  in  a  few  places 
and  not  on  all  sides  evenly?  (4)  Why  were  those  cavities 
and  channels  which  open  on  the  conical  surface  and  do  not 
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reach  the  bottom  surface  rusted  out  in  that  way  ?  The  acid- 
ulated waters  could  not  have  been  retained  in  them,  being 
bottom  side  up.  (5)  How  could  the  "pittings"  on  the  bot- 
tom surface  be  preserved  while  the  waters  with  which  they 
must  have  been  brought  into  contact  were  eating  such  enor- 
mous cavities  in  the  immediate  and  contacting  iron.*  (6) 
why  are  the  bottoms  of  these  basins  always  basin-shaped, 
curving  from  the  sides  regularly  inward  instead  of  being 
flat  and  the  sides  expanded  outwardly  to  the  very  bottom? 

We  prefer  to  consider  all  these  cavities  as  due  simply 
to  the  vacancies  left  after  the  removal  of  other  minerals, 
such  as  troilite,  olivine,  enstatite  and  perhaps  other  silicates. 
Tt  is  but  fair  to  Dr.  Ward  to  state  that  hc^  recognizes  this 
possible  cause  for  these  cavities.  But  he  plainly  does  not 
approve  it,  since  he  dwells  on 'the  causes  discussed  by  him 
at  length  and  only  mentions  this  as  a  possible  alternative. 
Again,  the  agent  of  removal  of  such  stony  matter  he  implies 
was  heat  and  friction  at  the  time  of  the  fall,  these  materials 
being  considered  by  him  as  "softer  and  more  easily  yielding 
to  attrition/' 

On  the  other  hand  these  cavities  have  probably  all  been 
formed  since  the  meteorite  fell,  and  the  manner  of  removal 
of  the  minerals  that  formerly  filled  them  was  oxidation  and 
solution.  The  shape  of  these  cavities  is  characteristic.  In 
the  association  of  metallic  iron  with  the  usual  meteoric  sili- 
cates the  iron  usually  presents  concave  surfaces  toward  the 
minerals.  These  concave  surfaces  come  into  contact  with 
the  convex  surfaces  of  the  masses  of  stony  matter.  The 
iron  is  cellular  or  spongy  with  roundish  cavities,  and  runs 
to  points  and  edges.  It  appears  to  have  taken  shape  after 
the  other  minerals,  or  in  obedience  to  the  crystalline  de- 
mands of  the  other  minerals.  This  is  well  exemplified  by 
the  Kiowa  meteorite  which  was  illustrated  by  the  writer  in 
1890,*  and  the  writer  has  observed  no  exception  to  that  rule. 

•  The  writer  saw,  many  years  agro,  a  slab  of  Cornlferous  limestone 
which  had  been  drawn  up  from  thr  bottom  of  lake  Huron  by  fisher- 
men on  their  nets  in  the  vicinity  of  Thunder  bay,  Michigran.  which  had 
been  corroded  by  supposed  acid  waters  that  entered  the  lake  at  invisi- 
ble springrs  in  the  bottom  of  the  lake.  Its  surface  was  completely  cov- 
ered with  small  basin-shaped  depressions  about  IH  inch  in  depth  and 
from  1  to  2  inches  in  diameter,  bui  there  was  no  portion  of  the  orig- 
inal   surface  remaining. 

•  Amerk  AX    GEOLooinr.    May     and  December,   1890,  vols.  6  and  7. 
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The  cavities  in  the  Willamette  meteorite  are  in  accord  with 
it. 

Further,  the  minerals  that  form  the  stony  parts  of  iron 
meteorites  (and  the  same  is  true  of  stony  meteorites)  are 
particularly  susceptible  to  oxidation  and  total  decay.  That 
is  probably  the  reason  that  by  far  the  larger  number  of 
meteorites  which  have  been  found,  without  any  knowledge 
of  the  date  of  their  falling,  are  irony  meteorites,  while  by 
far  the  larger  number  of  those  which  have  been  seen  to  fall 
are  stony  meteorites.  If  this  ratio  has  prevailed  through- 
out past  ages,  it  argues  that  the  stony  meteorites  have 
rotted.  It  has  even  been  suggested  that  all  or  many  of  the 
irony  meteorites  that  have  been  found  are  merely  the  irony 
remnants  of  former  stony  meteorites  which  have  other- 
wise rotted  and  been  converted  into  soil.  The  mineral 
olivine  is  one  of  the  most  easily  changed  silicates,  a  fact 
familiar  to  all  petrographers.  It  has  contributed  largely 
toward  the  serpentinous  greenstones.  Its  easy  decay  loos- 
ens and  promotes  the  alteration  of  the  other  associated  min- 
erals. It  is  a  very  abundant  mineral  in  nearly  all  irony 
meteorites.  Troilite  is  a  sulphide  of  iron.  It  is  easily  oxi- 
dized, and  gives  rise  to  sulphuric  acid  which  powerfully  at- 
tacks everything  adjacent.  We  do  not  know  what  were  the 
minerals  that  originally  filled  these  cavities,  but  that  they 
embraced  both  olivine  and  troilite  is  highly  probable. 
Microscopic  examination,  according  to  Mr.  H.  L.  Preston 
(quoted  by  Dr.  Ward),  discloses  that  "there  are  numerous 
small  troilite  nodules  from  one  to  three  millimetres  in  size 
scattered  promiscuously  throughout  the  section,  and  a  few 
rod-shaped  ones  one  millimetre  in  width  and  in  some  in- 
stances up  to  fifteen  millimetres  in  length.  The  largest 
troilite  nodule  found  in  several  sections  was  twenty-eight 
millimetres  in  diameter."  This  strongly  indicates  that  one 
of  the  chief  minerals  originally  in  these  cavities  was  trolite, 
and  it  may  have  been  the  only  mineral. 

If  this  explanation  of  these  cavities  be  correct,  it  is 
reasonable  to  expect  that  in  case  a  meridional  section  of  the 
mass  is  ever  made  it  will  disclose  some  large  roundish 
masses  of  troilite,  which  is  very  likely  to  be  Associated  with 
some  silicate  minerals. 
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The  "furrows'*  that  appear  on  the  brustseite  which  are 
referred  by  Dr.  Ward  to  the  heat  and  friction  of  the  atmos- 
phere, are  generally  shallower  than  those  on  the  lower  sur- 
face. There  is  no  question  that  such  a  mass  of  iron  in  fall- 
ing through  the  atmosphere  would  lose  a  considerable 
amount  of  its  surface  by  heat  and  friction.  The  brilliant 
trail  which  is  well  known  to  mark  the  course  of  a  meteorite 
in  falling  through  the  air  attests  the  loss  of  matter  from  the 
meteorite.  But  it  would  be  very  singular  if,  during  the 
short  interval  of  time  occupied  by  the  descent,  the  air 
should  make  such  selective  "gougings"  as  are  seen  on  this 
meteorite. 

We  cannot  perhaps  satisfactorily  acciount  for  the  shal- 
lower forms  of  the  depressions  referred  by  Dr.  Ward  to 
atmospheric  pressure  and  heat  seen  on  the  upper  side  of 
the  iron ;  but  it  seems  to  the  writer  that  they  were  also  once 
occupied  by  the  same  minerals  as  above  mentioned,  and 
that  an  earlier  period  in  the  history  of  the  mass  had  worn 
them  down  or  cut  them  off  uniformly  with  the  surface  of 
the  iron  so  that  when  they  entered  the  earth's  atmosphere, 
these  depressions  in  the  iron  surface  existed  but  were  filled 
with  smaller  remnants  of  the  stony  matter.  It  is  useless  to 
inquire  into  the  earlier  history  of  this  mass,  but  it  must  be 
admitted  that  it  parted  from  some  mass  like  itself,  and  its 
troilite  masses  must  have  been  rent  asunder  whenever  the 
plane  of  separation  crossed  them.  Thus  some  of  the  troil- 
ites  at  the  present  surface  may  have  been  shallower  than 
others.  Further  these  shallow  depressions  are  not  confined 
to  the  brustseite,  "nor  the  deep  ones  to  the  rear  surface.  If 
they  v/ere  thus  distributed  there  would  be  more  force  in  Dr. 
Ward's  assumption. 

It  is  needless  to  say  that  this  iron  constituted  the  most 
wonderful  single  object  in  the  mining  building.  It  is  the 
largest  meteorite  ever  found  in  the  United  States,  and  ac- 
cording to  Dr.  Ward  the  fourth  largest  known  to  science. 
We  cannot  but  sympathize  with  those  Oregon  scientists 
who  wish  to  have  it  remain  in  the  state  of  Oregon,  rather 
than  see  it  transported  to  some  eastern  museum. 

N.   H.  W. 
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A  preliminary   list   of  mastodon  amd  mammoth  remains  in  Illinois 

and  Iowa.    Nbtta  C.  Anderson. 
On   the  proboscidean   fossils   of  the  Pleistocene  deposits   in  Illinois 

and  Iowa.    Johan  August  Uddbn. 

(Augustana  Library  Publications.  No.  5.  Rock  Island,,  111. 
1905.) 

These  papers  constitute  an  important  addition  to  the  literature 
of  Pleistocene  geology.  Miss  Anderson  has  gathered  the  data,  so 
far  as  the  same  can  be  ascertained,  concerning  all  the  known  in- 
^stances  of  the  discovery  of  the  remains  of  these  extinct  animals 
in  the  states  of  Illinois  and  Iowa,  culling  from  geological  reports 
^nd  other  publications,  and  from  museums  and  curators  such  facts 
as  have  not  been  published.  The  total  number  of  finds  is  over 
eighty.  Two  outline  county  maps  of  these  states  show  the  geo- 
graphic distribution  of  these  remains,  from  which  it  appears  that 
the  mastodon  and  mammoth  ranged  throughout  these  states.  In 
Illinois  the  localities  are  rather  evenly  scattered,  but  in  Iowa  they 
are  far  more  numerous  in  the  southeastern  part  of  the  state,  usually 
prevailing  along  the  main  river  valleys.  In  the  southwestern  part 
of  Iowa  also  is  a  grouping,  suggesting  some  relation  to  the  great 
valley  of  the  Missouri  river. 

These  eighty  odd  finds  are  discussed  by  Prof.  Udden  from  four 
points  of  view,  viz:  (1)  Conditions  of  interment;  (2)  Specific  de- 
termination; (3)  Relation  to  different  drifts;  (4)  association  with 
other  fossils. 

In  relation  to  the  method  and  conditions  of  interment  Prof. 
Udden  makes  the  broad  statement,  "that  the  greater  number  of 
the  animals  whose  remains  have  been  discovered  perished  in  low 
and  boggy  localities,  sometimes  probably  in  search  for  water  or 
salt.  These  remains  have  come  from  stream  beds  and  alluvial  de- 
posits, and  from  terrace  and  glacial  gravels.  But  most  of  the  fos- 
sils have  come  from  the  loess  or  from  near  the  surface  of  the 
boulder  clay  under  the  loess."  Prof.  Udden  gives  the  following 
table  of  conditions  of  interment: 


Streams  or  in  alluvium 

Glacial  gravels 

Bogs  or  near  springs.. 

Loess  or  on  Glacial  ^laft  ^.w^;** 

■   I.*  ■ 

> 
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As  to  the  specific  identification,  the  following  have  been  ex- 
pressly identified:  Mastodon,  Elephas  primigenius  and  Elephas 
amerlcanus,  the  first  mentioned  probably  being  Mastodon  amerl- 
canus,  of  which  39  individuals  are  listed. 

The  relations  these  fossils  bear  to  the  different  parts  of  the 
drift  sheet  as  more  recently  subdivided  by  the  Iowa  geologists  is- 
plainly  one  of  great  interest.  Many  of  the  observations  were  made- 
before  the  different  parts  of  the  drift  had  been  recognized,  "and. 
some  were  even  made  by  geologists  who  did  not  regard  land  ice  as 
necessarily  an  agent  in  the  deposition  of  the  glacial  till."  Barring 
all  the  uncertainties  and  imperfections  of  the  record  of  the  data 
discussed  the  author  still  reaches  some  valuable  and  interesting 
conclusions.    These  conclusions  are  tabulated  below. 


AGE 

Teeth  or 
tusks  only 

1 

Bones,  most- 
ly with  teeth 
or  tusks. 

Specimens  of  unknown  age. 
Mammoth  

1 

9 

2 

7 

13 

2 
1 

1 

4 

1 

2 
2 

1 

1 
2 
1 

1 

Elephas  primigenius  

Elenhant 

Mastodon   

Undetermined 

Specimens  of  the  pre-Kansan   (?)  or  Kansan 
(?)  age. 
Mastodon   

Specimens  from  the  ferretto  zone,  post-Kan- 
san  and  pre-loessian. 
1         Mastodon  

1     Specimens  from  the  surface  of  the  Illinoian 
drift,  post-Illinoian  and  pre-loessian. 
Undetermined  

1 

Specimens  from  the  base  of  the  loess,  post- 
Kansan  and  pre-Iowan. 
Elephant  

Mammoth  

Mastodon    

Undetermined 

1 

Specimens  from  the  loess. 
Elephas  amerlcanus 

Mammoth  

Undetermined    .- 

From  the  area  of  the  lowan  drift,  post-Iowan. 
Mammoth   * 

Mastodon  

1 
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AGE 

4 

II 

From  the  area  of  tbe  Wisconsin  drift.  post- 
Wisconsin. 

1 

2 

4 
1 

1 
2 
10 
i       1 

Mammoth    
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From  alluTium,  mostly  sub-recent,  but  some, 
perhaps,  older. 

Associated  with  these  mastodon  and  mammoth  fossils  have 
been  found  also  the  bones  of  the  buffalo,  wolf,  peccary  deer  and 
«lk:  also  the  "land  shells  Hellcina,  Succlnea,  Pryamldula,  Blfldaria, 
Limnsea  and  others  which  are  characteristic  of  the  loess."  "In  Rock 
Island  the  loess  which  contained  elephant  bones  also  contained 
fragments  of  coniferous  wood,  and  at  Davenport.  In  Iowa,  the  peaty 
loess  from  which  tusks  and  other  bones  were  taken  has  a  seam 
of  dlatomaceous  earth,  in  which  no  less  than  thirty-three  now 
living  species  of  diatoms  have  been  identified." 

The  discovery  of  these  land  mammal  fossils  in  the  loess  which 
contains  the  land  shells  so  often  a,>pea]ed  to  by  those  who  adopt 
the  ffiollan  theory  of  tbe  origin  of  tbe  loess  In  the  Mississippi  val- 
ley, adds  en  much  more  of  the  same  kind  of  evidence  to  the  sup- 
port of  that  theory.  It  is  only  necessary  to  assume  that  the  wind 
storms  thai  burled  the  land  shells  In  wind-blown  dust  and  sand 
were,  say,  len  thousand  times  more  violent  and  dust-laden  than 
has  been  supposed,  and  that  the  great  land  animals  that  co- 
existed with  the  snails  were  overwhelmed  at  the  same  time.  And, 
further,  the  winds  must  have  been  violent  enough  to  rend  apart 
their  carcases  and  to  scatter  the  bones  of  their  skeletons  for  con- 
siderable distances  asunder,  even  extracting  the  teeth  from  their 
sockets,  II  is  a  much  more  natural  and  simple  matter  to  get  the 
wind-blown  dust  and  the  laminated  loess  Into  superposition  above 
these  fossils  than  to  get  the  fossils  below  considerable  thicknesses 
of  the  laniinaied  loess.  The  leolian  hypothesis  accomplishes  this  In 
a  most   admirable  and   satisfactory   manner. 

From   the  foregoing  table  it  is  learned   that  tho  mastodon  and 
the  mammoth  existed,  perhaps,  prior  to  the  Kansaii  ice  epoch,  i 
continued  into  the  lowan  epoch,  into  the.  Wisconsin  and  e 
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the  sub-recent,  having  become  extinct  perhaps  not  more  than  five 
thousand  years  ago. 

As  to  man  and  the  elephants,  these  data  give  no  direct  testi- 
mony that  they  were  cotemporary,  except  in  one  instance.  Mr.  M. 
T.  Myers,  of  Fort  Madison,  reports  the  finding  of  "one  human  leg 
bone  and  one  flint  arrow  head"  associated  with  the  remains  of  the 
mammoth  in  the  alluvium  of  Lee  county,  Iowa.  This  is  in  the 
region  where  so-called  "elephant  pipes"  have  been  claimed  to  occur 
in  mounds  constructed  by  earlier  inhabitants  of  the  country.  "At 
all  events  the  evident  recency  of  some  of  the  proboscidean  remains 
makes  us  expectant  of  some  fortunate  discovery  giving  conclusive 
proof  that  man  lived  on  this  continent  while  these  huge  mammals 
were  yet  here."  n.  h  w. 

Indiana  l}epartmcnt  of  Geology  and  Natural  Resources,    29th  Annual 
Report,    W.  S    Blatchley,  State  Geologist,  pp.   1-888;    pi.,  34; 

figs.,  67;   maps,  7;   Indianapolis,  1906. 

In  the  introduction  to  this  report  Prof.  Blatchley  reviews  the 
development  of  the  natural  resources  of  the  state  during  the  past 
ten  years.  During  1895  the  total  output  of  coal,  oil,  gas,  building 
stone,  clay-products  and  Portland  cement  was  $16,770,816,  while  in 
1904  the  total  output  of  these  same  products  was  $36,028,755,  or  an 
increase  of  115  per  cent. 

The  body  of  the  book  is  made  up  of  an  article  on  "The  Clays 
and  Clay  Industries  of  Indiana"  by  W.  S.  Blatchley.  In  the  open- 
ing chapter  he  treats  of  the  technology  o^  clay.  The  geological 
distribution  of  Indiana  clays  forms  the  subject  of  the  second  chap- 
ter which  is  followed  by  "The  Clays  of  Indiana  by  Counties"  in 
which  the  clays  within  five  miles  of  transportation  lines  are  taken 
up  and  discussed  in  detail.  Analyses  are  given  and  suggestions 
made  as  to  the  possible  utility  of  individual  deposits.  These  are 
frequently  accompanied  by  maps  and  halftones  of  the  exposures. 
In  the  fourth  chapter,  the  clay  working  industries  qf  Indiana,  he 
discusses  the  growth  of  the  clay-working  Industries  of  the  state 
from  $3,858,350  in  1900,  to  $6,085,242  in  1904,  and  gives  in  detail  the 
methods  and  processes  of  manufacture,  tests  and  uses  of  the  pro- 
ducts made  from  Indiana  clays.  These  include  paving  material, 
sewer  pipe  and  hollow  wares,  refractory  products,  pottery  and 
allied  products,  dry  pressed  brick,  structural  terra  cotta,  building 
brick  and  tile  and  the  production  of  clay  for  shipment.  This  article 
is  calculated  to  be  a  practical  aid  to  the  development  of  the  clay 
resources  of  the  state  and,  while  a  larger  number  of  maps  would 
have  added  to  its  value,  yet,  it  serves  that  end  admirably.  It  is 
intended  largely  for  the  use  of  the  layman  and  is  couched  in  the 
clear  simple  language  characteristic  of  the  author. 

The  remaining  quarter  of  the  book  contains  five  articles,  the 
first  of  which  is  the  report  of  the  mine  inspector,  James  Epperson. 
This  shows  the  total  output  of  coal  for  1904  to  be  9,872,404  tons 
9,992,553  tons  for  1903.    The  next  article  is  the  report  of 
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tbe  gas  Inspector,  Bnrce  A.  Klnne)',  wblch  is  followed  by  a  short 
article  by  Prof.  Blatcble]'  on  tlie  utlllxatioo  of  conrlct  labor  In  tW 
mahlng  of  road  material.  The  petroleum  Industry  of  Indiana,  by 
Blaichley.  canclndes  the  geological  part  of  the  book.  H«  statea 
that  "The  output  for  1904  wa«  greater  than  In  any  previous  ye«r^ 
both  in  the  number  of  barrels  produced  and  In  value,  though  the 
kTerage  market  price  declined  nearly  seven  cents.  Since  1S98  each 
year  has  seen  an  increase  In  production,  and  In  the  seven  years  has- 
more  than  trebled."  The  most  Important  development  during  the 
year  was  in  the  Hunale-Parker-Selma  field  where  a,  third  "pay 
streak"  was  discovered  ZiO  to  300  feet  below  the  top  of  the  Tren- 
ton rock  at  this  place.  The  output  for  1904  was  11.330.030  barrels 
valued  at  $12,127,107.  The  last  article  Is  by  Melville  T.  Cook  mi 
the  "Insect  galls  of  Indiana."  j.  w.  b. 
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Economic  Geology  in  PsRu.-^It  might  be  of  some  interest  to 
the  readers  of  the  American  Geologist  to  learn  something  about 
the  scientific  organization  recently  created  by  the  government  of 
Peru  to  investigate  the  natural  resources  of  the  republic.  Owing 
to  the  very  rapid  development  of  the  various  mining  industries,  the 
establishment  of  a  bureau  which  should  be  authorized  by  the  gov- 
emment  to  locate  and  fix  boundaries  of  mining  claims,  collect  sta- 
tistics relative  to  the  production  and  values  of  ores,  and  accumu- 
late various  data  relative  to  the  geology,  mineralogy,  and  geog- 
raphy of  the  country,  became  an  immediate  necessity.  Accordingly 
in  1902  the  bureau  now  known  as  the  "Cuerpo  de  Ingenieros  de 
Minas  del  Peru"  was  established  with  Sr.  J.  Balta,  the  present  min- 
ister of  public  works,  as  the  director.  It  was  soon  discovered  how 
ever,  that  the  subjects  and  projects  demanding  the  immediate  and 
serious  consideration  of  this  organization  were  so  numerous  and 
varied  In  kihd,  that  It  became  highly  advisable  to  classify  the  work 
in  hand  and  distribute  allied  lines  of  investigation  to  independent 
commissions  each  with  its  chief  and  corp  of  assistants,  the  series 
of  commissions,  however,  being  under  the  general  charge  of  the 
Director  of  the  "Cuerpo,"  Sr.  Marco  A.  Denegeri.  The  divisions 
of  the  "Cuerpo"  are  as  follows: 

1.  Division  of  Mines,  established  1902,  including: 

(a)  Permanent    commissions   in   large  mining  areas,  to  locate 
claims,  fix  boundaries,  etc. 

(b)  Exploratory  commissions   to   investigate   and   report  upoji 
newly  discovered  mining  areas. 

2.  Division  of  Water  Supply,  established  1904,  including: 

(a)  Engineering  projects  relating  to  the  storage  and  distribu- 
tion of  surface  water  for  irrigation  purposes. 

(b)  Geological  Investigations  to  determine  location  and  distribu- 
tion of  underground  waters.  . 

3.  Division  of  Economic  Geology,  established  in  1904. 
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All  these  commissions  have  their  responsible  chiefs  and  one  or 
more  assistants  and  among  these  chiefs  are  four  American  special- 
ists, namely,  Dr.  George  T.  Adams,  in  charge  of  underground  waters, 
M.  H.  Hurd  and  Chas.  \V.  Sutton  for  engineering  and  topographic 
work,  and  Mr.  V.  F.  Marsters  for  economic  geology.  The  only  non- 
Peruvian  technical  assistant  is  Mr.  H.  T.  Stiles,  who  is  under  the 
direction  of  Mr.  Hurd.     At  this  time  there  are  at  work: 

2  Permanent  mining  commissions. 

l»  Exploratory  mining  commissions. 

1  Economic  geology  commission. 

2  Toi>ographic  and  water-supply  commissions. 
1  Underground  water  commission. 

Generally  the  names  of  the  permanent  commissions  are  taken 
from  the  districts  in  which  they  are  located,  e.  g.,  the  Cerro  de 
Pasco.  Yauli  lea.  Callao.  etc.  commissions.  Each  commission  is  al- 
lowed a  certain  sum  of  money  which  is  under  the  direct  control 
of  the  responsible  chief. 

The  object  of  the  geological  commission  is  to  investigate  specific 
problems  relative  to  the  development  of  the  metallic  and  non 
metallic  de|>osits  of  Peru.  This  deimrtment  constitutes  the  first 
official  geological  survey  in  the  republic.  The  first  problem  to  be 
considered  will  be  the  geology  of  the  oil  fields  of  northern  Peru 
(Province  of  Tumbes.) 

While  the  "Cuerix)*'  has  been  in  existence  but  a  little  over 
three  years  some  twenty-six  bulletins  dealing  with  a  wide  range 
of  subjects  have  been  published.  These  may  be  obtained  by  appli- 
cation to  the  Director.  Sr.  Denegeri. 

Lima,  Peru.  Sept.  Il^  29<V>.  V.  F    Marsters 

Mateo  Tbfee  — A  little  over  a  year  ago.  while  going  over  sev- 
eral now  works,  the  writ  or  was  struck  by  the  many  ways  in  which 
the  several  authors  had  in  sj^U-ng  the  same  words.  Several  in- 
stances were  noted,  but  one  of  the  best  illustrations  was  that  of  a 
volcanic  tower  in  the  northeastern  corner  of  Wyoming — ^**Mateo 
Tei>ee.**  or  what  is  more  popularly  known  as  the  "Devil's  Tower." 
This  lower  of  iH>r;>ondiou]ar  basaltic  ooUinins.  may  be  seen  to  the 
right  of  the  rurlir-.cton  railroad  in  going  west,  between  New  Cas- 
tle and  Shoriiian.  W>onnn»:.  Aooordin?  to  Newton  and  Jenney,  it  has 
an  elevation  of  tvjr»  feet  from  the  surrv^un»ling  count r>-  and  may  be 
seen  for  many  miles  an^und. 

Professors  v  hanilnrlin  av.d  Salisbury  s't>eri  it  in  their  new  Geol- 
oa:y.  p;\.i:e   r>*.  t'c.   liM.  ".Mat too  Tepe^\**  Uvality  Wyoming. 

Prof.  U.  S.  Tarr.  si^IIs  i:.  in  his  "New  Physical  Geography,'* 
P.i:   :-!.  fiuius  l^iiie  127.  "Ma:o  TeiHv"  locality  Wyoming. 

lu  tho  M.iy  !ui:ubor  '.9'M.  of  the  American  Geologist,  under 
the  ::::e  of  "Kditorial  Comment.  Peleliihs."  plate  22  finetng  page 
:iiM.  :he  s;ur.e  name  is  sivlled  "Mato  Teepee'*  and  the  kmUty  gtran 
as   Sov.'.h   Dakota. 

in  the  '  Ke^vrt  on  the  Geotagy 
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of  Dakota"  by  Henry  Newton  and  Walter  P.  Jenney,  1875,  published 
1889,  it  is  spelled  again  Mato  Teepee  and  the  locality  given  as 
Dakota — i.  e.  one  would  infer  as  much  from  the  title  of  the  report. 
However,  a  map  of  the  Black  Hills  was  prepared  by  these  gentle- 
men and  accompanies  the  report,  and  shows  the  tower  to  be  in 
Wyoming.  At  the  time  this  report  was  made  the  tower  was  called 
"The  Bad  God's  Tower"  or  in  other  words  "The  Devil's  Tower." 

The  boundary  line  between  South  Dakota  and  Wyoming  is  a 
little  west  of  104°  or  about  104*'-1^30".  "Mateo  Tepee"  or  "Bear 
Lodge"  as  Newton  and  Jenney  called  it,  is  located  on  their  map 
at  almost  exactly  104°  45'  W.  Long,  and  44°  35'  N.  Latitude.  This 
places  it  in  the  northeast  corner  of  Wyoming,  in  Crook  county. 

The  name,  "Mateo  Tepee,"  is  of  course  of  Indian  origin,  prob^ 
ably  from  the  Sioux,  and  Uterally  means  "Bear  Wigwam" — M&teo, 
pronounced  Mah-to — meaning  bear  and  "  Tepee"  meaning  wigwam, 
lodge,  or  a  conical  tent.  In  former  days  this  region  (around  the 
Devil's  Tower)  was  a  g  reat  bear  country  and  was  visited  each  year 
by  the  Indian  bear  hunters — hence  the  name. 

In  conclusion  the  writer  believes  this  name  should  be  spelled 
"Mateo  Tepee"  and  the  locality  is  without  a  doubt  in  Wyoming. 

J    P    ROWE 
University  of  Montana,  Missoula^ 
September  21,  1905. 


PERSONAL  AND  SCIENTIFIC  NEWS. 


Illinois  Geological  Survey.  At  the  last  session  of  the 
legislature  a  bill  was  passed  establishing  a  geological  sur- 
vey of  the  state  and  making  an  appropriation  of  $25,000  per 
year  for  this  purpose.  Of  this  amount  $10,000  may,  at  the 
discretion  of  the  board  of  control,  be  used  for  topographic 
mapping  in  cooperation  with  the  U.  S.  Geological  Survey. 
This  cooperative  work  has  been  undertaken  for  the  present 
year,  at  least,  and  work  along  this  line  was  begun  about  the 
first  of  June.  The  board  of  control  consists  of  the  governor 
of  the  state,  the  president  of  the  State  University  and  one 
other  member  to  be  appointed  by  the  governor.  Gov. 
Deneen  this  summer  appointed  as  the  third  member  of  the 
board  Prof.  T.  C.  Chamberlin.  The  headquarters  of  the 
survey  are  to  be  at  the  State  University  at  Champaign  and« 
the  University  furnishes  rooms  for  the  survey.  For  print- 
ing, etc.  $5,000  is  available  from  the  state  printing  funds. 
Dr.  H.  Foster  Bain,  of  the  U.  S.  Geological  Survey  has  ac- 
cepted the  position  of  state  geologist  and  enters  upon  this 
work  November  ist. 
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Uxn'ERSiTY  OF  Wiscoxsix.  During  the  coming  Janu- 
ary- Mr.  Bailey  Willb.  of  the  United  States  Geological  Sur- 
vey and  Carnegie  Institution,  will  present  a  course  of  twelve 
lectures  in  the  Geological  Department  of  the  University  of 
Wisconsin  on  the  subject  of  "Continental  variations,  with 
special  reference  to  North  America."  The  course  is  given 
primarily  for  students  making  geolog>-  a  major  study,  and 
is  open  to  such  students  not  regularly  registered  at  this 
university. 

IX  THE  YEAR  I9O4  THERE  WERE  OBSER\-ED  in    Norwav   35 

earthquakes,  of  which  the  most  severe  was  on  the  23rd  of 
October,  and  more  than  half  of  the  whole  number  occurred 
after  that  date. — Kolderup. 

Dr.  U  S.  Graxt  returxed  from  Alaska,  passing 
through  Minneapolis  in  the  early  part  of  September,  in  time 
to  resume  his  work  at  Northwestern  University. 

DR.  \V.  J.  McGee  has  beex  appoixtkd  director  of  the 
Public  Museum  at  St.  Louis. 

The  L.AKE  Superior  Mixixg  Ixstitutk  will  hold  its 
eleventh  annual  meeting  on  the  Menominee  range  at  Ish- 
peming,  Mich.,  October  17.  18  and  19.  There  vinll  be  trips 
bv  train  to  Crvstal  Falls.  Iron  Mountain,  Escanaba  and 
Gladstone. 

Prof.  Ch.\rles  Schuchert  of  Yale  University,  has 
returned  from  a  geological  trip  extending  over  the  ancient 
formations  of  Xova  Scotia,  Xew  Brunswick  and  eastern 
Quebec. 

E.  H.  Sellards  late  of  the  University  of  Kansas,  is  in 
charge  of  the  departments  of  zoology  and  geology  at  the 
University  of  the  state  of  Florida. 

W.  J.' Miller  h.as  beex  .appointed  to  succeed  professor 
C.  H.  Smyth  Jr,  in  geology,  at  Hamilton  college,  and  M.  W. 
Twitchell  has  been  appointed  to  the  chair  of  geology  at 
South  Carolina  college,  Columbia,  S.  C. 

Prof.  C.  X.  Golxd  of  the  University  of  Oklahoma,  will 
be  absent  the  current  college  year  and  his  duties  will  be 
discharged  by  Prof.  E.  G.  Woodruff. 

Charles  W.  Brown  has  been  appointed  instructor  in 
gcolog\'  and  mineralogy  at  Brown  University. 


Quarry  In  n  Clncl.illy  TrnnBportpd  Mum  of  Chnlk.  nenr  MalmB,  In  South- 
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QLACIAL  MOVEMENTS  IN  SOUTHERN  SWEDEN. 

Bj  Pmor.  O.  Fkbobsice  Wbiobt,  Oberlln,  Obio. 

PLATE  XIV. 

Having  had  the  privilege  of  spending  two  or  three  days 
with  Dr.  X.  O.  Hoist,  while  he  was  engaged  in  surveying 
for  the  geological  map  of  Skane,  the  southern  province  of 
Sweden,  I  am  permitted  to  bring  before  the  English  public 
some  of  the  important  and  remarkable  discoveries  which 
he  has  made.  These  relate  first  to  the  direction  and  force 
of  the  ice  movement,  and  secondly  to  the  unity  of  the 
period. 

Sk&ne.  the  most  fertile  province  of  Sweden,  projects 
southward  of  the  main  peninsula  so  as  to  make  it  almost 
a  part  of  Denmark,  to  which  by  virtue  of  its  physical  geo- 
graphy it  properly  belongs.  It  is  completely  covered  with 
glacial  deposit-  to  a  depth  of  ioc3  or  200  feet.  A  very-  well 
defined  terminal  moraine  runs  across  the  province  east  and 
west,  ab'^ut  midwav  between  the  north  and  south  boun- 
daries. 

The  material  in  this  moraine  is  to  a  cr>nsiderable  extent 
derived  from  Finland,  showing  that  the  center  of  glacial 
dispersion  was  somewhat  farther  east  in  Scandinavia  than 
has  been  suppo-ed.  Iloth  the  direction  of  the  moraine  and 
the  material  of  which  it  is  constituted  show  that  in  .southern 
Skane  the  final  ice  movement  had  a  northwesterly  direction. 
That  is.  the  ice.  after  moving  riown  the  axis  of  the  Baltic 
sea  in  a  southwesterly  direction,  when  it  passe<l  the  low 
mountains  bordering  the  northeastern  part  r>f  Skane,  mu.st 
have  found  the  line  of  least  resistance  in  the  rlirection  of 
the  Xorth  ^ea.  caii-injj  it  tf>  turn  arounri  towards  the  north. 
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as  the  lake  Erie  ice  is  known  to  have  done  in  southern 
Michigan  and  northern  Indiana. 

The  most  striking  indication  of  this  is  found'  in  the 
position  of  an  immense  mass  of  chalk  which  is  included  in 
the  moraine  about  five  miles  east  of  Malmo.  This  chalk 
mass  extends  three  miles  in  a  northeast  and  southwest 
direction,  averages  1,000  feet  in  width,  and  from  100  to  200 
feet  in  thickness,  being,  so  far  as  I  know,  the  largest  boulder, 
or  glacially  transported  mass,  that  has  been  described.  It 
is  evervwhere  covered  with  till,  and  almost  evervwhere  has 
till  underneath  it.  Its  regular  position  is  between  what  we 
should  call  the  upper  and  the  lower  till,  the  upper  till  being 
yellow  and  the  lower  blue.  Hut  in  one  place,  which  I  ex- 
amined, the  lower  or  blue  till  was  both  above  and  below  it. 

While  the  chalk  is  together  in  one  mass,  it  everywhere 
shows  signs  cf  immense  pressure  and  disturbance,  being 
broken  up  into  small  cubes,  and  having  its  flint  nodules 
cracked  and  arranged  in  lines  simulating  stratification.  The 
upper  part  of  the  chalk  has  also  been  extensively  sheared 
off  and  mingled  with  the  till. 

This  mass  of  chalk  has  been  brought  fully  to  light 
through  its  commercial  value,  eight  or  ten  companies  having 
mined  or  quarried  it  for  many  years.  It  belongs  to  the  true 
soft  chalk  of  Cretaceous  age,  and  was  supposed  by  the 
earlier  geologists  to  indicate  a  Cretaceous  area,  where  it  was 
least  to  be  expected,  since  the  chalk  which  mainly  under- 
lies the  peninsula  belongs  to  the  Trias  or  Lias.  The  de- 
termination of  its  glacial  transportation  has  therefore  solved 
a  very  difficult  problem.  It  must  have  been  picked  up 
bodily  from  the  shores  or  bed  of  the  Raltic  sea,  being  trans- 
ferred westward  many  miles  to  its  present  position. 

Dr.  Hoist  is  bringing  to  light  much  new  evidence 
bearing  upon  the  unity  of  the  Glacial  period,  and  is  more 
than  ever  confirmed  in  his  adhesion  to  the  theorv  that  the 
upper  till  and  the  lower  till  are  of  the  same  age, — the  lower 
till  being  that  which  was  dragg-^d  along  under  the  ice,  and 
the  upper  till  the  material  which  was  incorporated  in  the 
ice,  and  which  so  became  oxidized  in  the  process  of  trans- 
mission and  deposition.  In  many  cases  which  he  showed 
ixie,  this  would  certainly  appear  to  be  the  fact,  as  indicated 
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by  the  sharp  line  which  separates  the  blue  from  the  yellow 

tin. 

But  the  most  important*  discoveries  beating  upon  this 
point  were  found  at  Tapplelargo,  twelve  miles  east  from 
Malmo.  Here  is  an  area  of  several  acres  covered  with  an 
overwash  deposit  from  the  moraine,  which  is  a  mile  or 
more  to  the  south.  In  a  stratum  of  clay,  about  seven  feet 
thick,  many  species  of  shells  and  plants  are  found,  indicating 
peculiar  conditions  which  can  be  accounted  for  only  by  sup- 
posing that  during  the  final  melting  away  of  the  ice  the 
summers  became  very  warm,  so  as  to  allow  temperate 
species  to  flourish  close  up  to  the  ice-front,  thus  allowing 
them  to  mingle  with  arctic  or  subarctic  species. 

It  is  evident  from  inspection  of  the  stratum  that  these 
species  lived  and  were  deposited  contemporaneously,  and 
not  by  an  advance  of  the  ice  after  an  interglacial  period. 
This  would  seem  to  meet  the  case  of  comingling  of  tem- 
perate and  subarctic  species  which  Coleman  has  described 
in  the  vicinity  of  Toronto,  and  so  it  will  greatly  simplify 
our  interpretation  of  glacial  phenomena  in  the  northern 
United  States  and  Canada. 


B0L80N  PLAINS  OF  THE  SOUTHWEST. 
By  W.  G.  TiOHT,  Albuquerque,  N.  M. 

There  seems  to  be  a  very  decided  tendency  on  the  part 
of  students  in  physiographic  geology  to  enlarge  upon  the 
conceptions  of  topographic  types,  as  they  are  originally 
described,  and  in  the  subsequent  study  of  the  topographic 
features  of  any  particular  section,  to  describe  those  features 
in  terms  of  the  modified  conception  of  the  type  forms. 

As  a  result  there  develops  a  very  confused  idea  in  the 
minds  of  workers  concerning  the  true  type,  and  with  that 
misconception  in  mind  the  correct  interpretation  of  any  par- 
ticular region  becomes  doubtful,  and  the  description  of  that 
region  almost  wholly  unintelligible,  giving  to  the  student 
who  has  access  to  the  literature  alone,  a  radical  misconcep- 
tion of  the  true  topographic  conditions. 

As  an  example  of  my  meaning  the  term  "peneplain"  may 
be  taken.     It  would  be  interesting  to  know  how  many  times 
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an  aggradation  plain  of  some  sort  has  been  mistaken  for  a 
degradation  plain  and  called  a  peneplain.  There  are  un- 
doubtedly many  cases  where  the  two  types  of  plains  look 
nearly  alike  and  only  a  careful  study  would  determine  the 
true  character. 

This  superficial  resemblance,  which  extends  to  various 
types  of  topographic  forms,  is  a  constant  source  of  error. 
The  most  serious  mistakes  are  made  when  two  types  of 
radically  different  origin  and  structure  are  classed  together 
and  made  the  basis  for  broad  generalizations. 

When  an  author  has  described  a  certain  type  of  topo- 
graphic form,  presumably  from  a  careful  study  of  some 
definite  region,  and  has  given  a  name  to  that  type,  it  can 
only  lead  to  much  confusion  and  error  when  the  same  name 
is  used  by  another  to  describe  a  different  form,  or  to  attempt 
to  modify  the  meaning  of  the  term  to  fit  other  conditions. 

It  is  not  intended  at  the  present  writing  to  discuss  the 
uses  and  abuses  of  he  term  "bolson"  as  applied  to  inter- 
montane  valleys  but  rather  to  take  the  term  as  originally 
described*  and  apply  it  to  the  study  of  the  great  valleys,  of 
the  southwest  and  especially  to  New  Mexico. 

To  quote  briefly:  "Bolsons  are  generally  floored  with 
loose,  unconsolidated  sediments  derived  from  the  higher 
peripheral  regions.  Along  the  margins  of  these  plains  are 
talus  hills  and  fans  of  boulders,  and  other  wash-deposits 
brought  down  by  mountain  freshets.  The  sediments  of 
some  of  the  bolsons  may  be  of  lacustral  origin."  "The 
bolson  plains  on  the  other  hand,"  (as  distinguished  from 
plateau  plains)  "are  newer  and  later  topographic  features, 
consisting  of  structural  valleys  between  mountains  or 
plateau  plains,  which  have  been  partially  filled  with  debris 
derived  from  the  adjacent  eminences."  "The  bolson  plains 
are  constructional  detritus  plains  filling  old  structure 
troughs." 

It  seems  that  this  description  is  clear  enough.  The 
type  form  is  not  dependent  upon  the  characters  of  the 
bordering  mountains  nor  the  character  or  structure  of  the 
deeper  valley  floor,  nor  is  it  especially  concerned  with  the 
total  thickness  of  the  wash-deposits  over  the  floor  of  the 

♦Hill,    Top.      Atlas,   U.   8.,   folio  3,  p.   8,  1900. 
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older  valley,  except  in  so  far  as  these  deposits  must  con- 
tribute an  important  factor  in  determining  the  character- 
istics of  the  topography.  An  important  element  in  this 
definition  depends  upon  the  interpretation  of  the  word 
"plain."  A  bolson  is  genetically  related  to  other  construc- 
tural  plains,  such  as  flood  plains  and  terrace  plains  of  river 
valleys.  In  the  floojd  plain  and  terrace  plain  deposits  the 
plains  are  more  or  less  narrow  and  parallel  with  the  stream, 
which  furnishes  the  major  portion  of  the  deposits.  On  the 
other  hand  in  the  bolson,  while  the  deposits  are  of  fluviatile 
origin  (or  largely  so)  the  plain  loses  the  characters  of  a 
flood  plain  or  terrace  plain  in  that  it  is  generally  much 
broader  and  the  material  "is  derived  from  adjacent  emin- 
ences," and  the  plain  is  of  such  an  extent  that  the  "talus 
hills  and  fan  cones  and  wash-deposits  brought  down  by 
the  mountain  freshets"  form  only  the  bordering  characters 
of  the  plain,  but  point  unmistakably  to  the  origin  of  much 
of  the  deposits  forming  the  floor  of  the  bolson. 

If  we  look  for  a  moment  at  the  forces  involved  in  the 
formation^  of  a  bolson  we  see  that  there  must  exist  an  ex- 
tensive trough  in  which  the  contribution  of  material  from 
the  sides  of  the  bordering  mountains  is  much  greater  than 
the  capacity  of  the  pre-existing  drainage  to  remove,  or 
that  in  the  structural  formation  of  the  valley  there  is  formed 
a  closed  basin  and  into  this  the  lateral  materials  are  de- 
posited. In  the  closed  basin  type,  the  basin  may  or  may 
not  be  the  location  of  a  lake.  If  the  older  trough  has  free 
drainage  to  start  with  the  lateral  introduction  of  debris 
may  be  such  as  to  divide  an  otherwise  continuous  stream 
course  into  a  series  of  lake  basins  or  to  even  totally  obliter- 
ate the  through-flowing  stream  as  a  surface  feature. 

Mr.  Hill  says :  "These  plains  or  'basins'  as  they  are 
sometimes  called  are  largely  structural  in  origin,"  and 
agdin  he  uses  the  terms  "structural  valleys  between  moun- 
tains  and  plateau  plains."  If  it  wet-e  intended  to  confine 
the  term  holson  to  those  fofms  which  occur  in  strictly 
j>tTUctural  valleys  which  have  not  been  sub^e<^uehtly  modi- 
fled  by  erosiott;  it  would  havfe*  a  Very  IftVrited  use' indeed,  for 
but  few  valleys  of  that  type  are  to  be  found,  and  the  author's 
ifhfstrations  do  not'iriidicate  this  lirititied  u^^.'  -But  T  take  it 


274  The  American  Geologist.  NoTember,  i905 

that  the  term  "structural  valley''  or  ^'structural  trough"  was 
used  in  reference  to  the  large  features  of  the  topography  as 
distinguished  from  simply  valleys  of  erosion  cut  mainly  by 
stream  action.  The  very  essential  feature  of  a  bolson  is 
that  the  plain  is  bordered  by  mountain  forms  or  plateau 
escarpments.  The  mountains  may  be  of  the  fold  or  fault 
type,  but  rising  as  they  do  above  the  general  level  of  the 
plateau  upon  which  they  stand  the  intervening  area  might 
properly  be  considered  a  structural  valley.  In  some  cases 
this  intervening  area  may  be  so  protected  from  erosion  by 
the  distribution  of  the  mountain  uplifts  that  it  will  be  pre- 
served and  will  present  the  structural  characters  of  the 
original  plateau  plains.  Again  'it  may  be  in  the  line  of  the 
great  longitudinal  drainage  lines  of  the  plateau  and  be  large- 
ly removed  by  subsequent  erosion.  As  far  as  the  later 
formation  of  a  bolson  is  concerned,  it  would  appear  that 
either  type  might  properly  be  called  a  structural  valley,  and 
with  the  later  deposition  of  the  detritus  forming  the  bolson 
plain,  there  would  be  a  striking  difference  in  the  thickness 
of  the  deposits,  those  in  the  eroded  structural  valley  being 
much  thicker. 

It  would  appear  also  that  in  the  formation  of  such  a 
structural  valley  by  the  enclosure  of  a  portion  of  a  plateau 
by  the  elevation  of  bordering  mountains,  where  the  valley 
is  not  subjected  to  subsequent  erosion  and  the  remaining 
valley  tloor  is  fairly  horizontal,  there  would  be  produced  a 
topographic  form  which  would  resemble  very  closely  the 
bolson  but  which  would  be  as  essentially  different  from  it 
as  an  aggradation  plain  is  different  from  a  peneplain. 
These  two  forms  having  similar  superficial  characters  may 
be  easily  mistaken,  the  one  for  the  other,  for  with  the  eleva- 
tion of  the  bordering  mountains  enclosing  a  structural  valley 
free  from  erosion,  there  will  most  certainly  develop  around 
the  margin  of  the  remnant  of  the  enclosed  plateau  plain, 
talus  hills  and  fan  cones  and  frontal  wash  aprons  which  will 
rapidly  work  out  over  the  floor  of  the  valley  and  eventually 
convert  it  into  a  bolson  plain  while  the  superficial  charac- 
teristics may  remain  almost  the  same  during  the  entire  pro- 
cess. 

It  is  apparent  that  when  the  filling  of  the  valley  takes 
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place  over  the  floor  of  the  great  structural  valley,  the  pro- 
duction of  the  bolson  does  not  materially  modify  the  topo- 
graphic features,  but  when  the  great  structural  valley  has 
been  deeply  eroded  and  then  subsequently  filled  the  produc- 
tion of  the  bolson  does  make  a  decided  difference  in  the 
topographic  relations  of  valley  and  mountains.  We  see 
then,  that  the  bolson  plain  finds  its  proper  place  in  the 
series  of  constructional  plains  derived  from  fluviatile  actions, 
and  the  lowest  member  of  the  series  is  represented  by  the 
flood  plain  of  the  river,  in  which  the  material  is  almost 
wholly  derived  from  the  longitudinal  action  of  the  stream ; 
while  the  bolson  plains  are  at  the  opposite  end  of  the  series, 
in  which  the  longitudinal  stream  may  contribute  largely  in 
some  stages  of  the  building  of  the  plain  but  that  the  pre- 
dominant factor  is  the  derivation  of  material  from  the  bor- 
dering bights  by  torrential  action  of  temporary  streams  and 
rivulets  which  arc  produced  largely  by  rainfall. 

This  in  general  is  the  writer's  understanding  of  the  use 
of  the  term  bolson,  as  applied  to  many  of  the  great  inter- 
montane  plains  of  the  southwestern  plateau  and  great  basin 
region.  Whether  the  writer  is  correct  or  not  in  his  inter- 
pretation of  the  use  of  this  term,  it  is  certain  that  under  any 
definition  of  the  term  there  is  found  in  this  region  a  large 
number  of  valley  plains  having  very  diverse  characters  and 
very  diverse  origins.  The  writer  cannot  therefore  agree 
with  Dr.  Chas.  R.  Keves  of  Socorro,  in  his  discussion  of 
the  bolson  plains  of  New  Mexico  in  the  American  Geologist 
for  September,  1904.  Dr.  Keyes  has  grouped  under  this 
term  such  plains  as  the  Jornada  del  Muerto,  San  Augustine, 
Estancia,  Mimbers  and  the  great  plains  along  the  Rio 
Grande,  Rio  Pecos  and  Canadian  rivers.  He  has  seemed 
to  correlate  these  plains,  with  others,  with  the  great  Llano 
Estacada  of  Texas  and  other  great  plains  to  the  southwest. 
If  Dr.  Keyes'  correlations  are  correct,  it  does  not  seem  to 
the  writer  that  these  great  intermontane  plains  of  the  New 
Mexico  region  can  be  by  any  definition  classed  as  bolson 
plains  and  many  of  them  certainly  conform  to  that  defini- 
tion. In  view  of  this  difference  of  opinion  it  seems  advisa- 
ble to  call  attention  to  some  of  the  features  of  some  of  these 
various  plains   in   detail.     It  is  well   understood   that  the 
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great  stake  plains  of  Texas  are  made  up  largely  of  Creta- 
■ceous  sediments  which  have  a  more  or  less  regular  dip  from 
the  frontal  ranges  of  the  Rocky  mountains  to  the  gulf  of 
Mexico.  Toward  the  New  Mexico  border  of  this  plain  the 
strata  have  stronger  dip  and  erosion  has  exposed  the  edges 
of  the  strata  along  the  Rocky  mountain  front.  The  Creta- 
ceous terranes  are  covered  with  a  mantle  of  Tertiary  gravels 
■derived  from  the  mountain  front. 

Dr.  Keyes  says :  "The  Las  Vegas  plateau,  Llano  Elsta- 
cada,  the  bolson  plains  of  New  Mexico,  and  some  of  the 
broken  plains  of  eastern  Arizona  seem  to  belong  genetically 
together ;"  and  he  further  says :  "When  the  general  bow- 
ing up  of  the  region  took  place  in  Tertiary  times,  the  great 
plain  formed  was  partly  a  pleneplain  of  destructional  land 
origin  and  partly  a  constructional  plain  of  marine  origin," 
From  this  it  would  appear  that  the  bolson  plains  of  New 
Mexico,  as  he  describes  them,  are  remnants  of  this  old 
peneplain,  and  that  the  mountain  blocks  of  the  plateau  of 
New  Mexico  were  formed  subsequent  to  the  pencplanation 
■of  the  Cretaceous  and  lateral  beds.  It  is  not  possible-  at  the 
present  writing  to  present  the  data  to  show  that  the  struc- 
ture of  the  mountains  of  New  Mexico  will  not  sustain  this 
position.  It  is  the  writer's  desire  in  this  discussion,  to  con^ 
■fine  attention  wholly  to  the  valley  forms. 

Dr.  Keyes  says:  "That  the  old  bolson  plain  in  the  Rio 
Grande  valley  is  at  present  about  1,500  feet  above  the 
TJver"  and  he  refers  to  the  Colorado  river  as  being  "a  mile 
deep  in  its  canyon"  below  the  surface  of  the  great  plain 
which  he  has  constructed  in  his  hypothesis. 

During  a  residence  of  four  years  in  the  Rio  Grande 
T'alley,  accompanied  with  considerable  field  work,  it  has  not 
lieen  my  pleasure  to  sec  a  single  remnant  of  the  old  plain 
to -which  reference  is  made.  The  valley  of  the  Rio  Grande 
through  New  Mexico  has  an  extremely  complex  and  varied 
form,  and  history.  I  desire  at  the  present  writing  to  call 
attention  to  only  a  few  poirtts  in  its  history  bearing  upon 
the  particular  discussion  in  hand,  and  what  is  said  witti 
reference  to  the  valley  includes  only  that  secfiort  Which'lies 
■within  th«  territory  of  New  MeJciCo.  The  rivei- i?  at  several 
■points,-  notably  at'White  Rocli  canyon,  at  Elephant  buttes. 
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and  at  El  Paso,  cutting  through  a  rock  gorge  upon  a  rock 
floor,  but  throughout  most  of  its  course  it  is  meandering 
over  a  broad  flood  plain  in  a  still  broader  shallow  trough, 
the  latter  cut  some  200  or  300  feet  below  the  surface  of 
the  broad  sheet  of  plain  deposits  locally  known  as  mesas. 
The  larger  structural  valley  which  is  followed  by  the  Rio 
Grande  is  undoubtedly  of  very  complex  origin  and  no  gen- 
eral description  would  be  adequate  for  any  particular  sec- 
tion of  the  river.  From  ihe  limited  amount  of  data  in  hand 
it  would  appear  that  in  some  sections  the  river  is  following 
the  line  of  a  great  fault  zone  and  in  other  sections  it  is 
apparently  following  along  the  axis  of  an  immense  anticline, 
which  has  been  very  deeply  and  broadly  eroded.  The  g^eat 
structural  valley  presents  an  average  width  of  fifteen  to 
twenty  miles,  measured  across  the  surface  of  the  great  mesa 
plain. 

If  we  examine  into  the  structure  of  the  mesas  border- 
ing the  river,  as  presented  by  well  sections  and  deeply  cut 
arroyos,  we  find  that  it  is  made  up  wholly  of  sands,  gravels, 
and  clays  of  fluviatile  origin.  The  materials  composing  the 
mesas  have  been  largely  derived  from  the  lateral  mountains. 
The  depth  of  this  mesa  deposit  in  the  old  structural  valley 
is  not  definitely  known.  A  well  over  seven  hundred  feet 
deep  at  Albuquerque  did  not  reveal  the  rock  and  as  the  top 
of  this  well  is  about  250  feet  below  the  surface  of  the  mesa 
plain  and  near  the  central  portion  of.  the  great  valley,  we 
can  see  that  the  great  structural  trough  has  been  filled  by 
the  mesa  deposits  to  the  depth  of  probably  much  more  than 
a  thousand  feet.  It  is  evident  from  many  topographic 
features  that  the  river  once  meandered  over  the  upper  sur- 
face of  this  mesa  plain  at  lea^t  250  feet  above  its  present 
level.  At  about' that,  time  in  the  history  of  New  Mexico 
there  occurred  a  more  or  less  geherlil  e><!trusion  of  basaltic 
lavas  over  many  areas.  At  least  two  of  these  laVa  overflows 
reached  down  into  the  valley  of  Ihd'Ria  Grande  atid  attained 
such  magnitude  as  to  product  profound  changes  ih  the 
course  of  the  fiVef. '  The  "ftffet  5f  thfes^*  Whicli  I  'will  mention 
is  the  great  lava  flow'  in  notthtftx  NeW  Mexico  'Which  dim- 
med the  course  of  the  Rio  Gfaiidtaboti^'tti^  White  Rock 
canyon,  and  the  secoh d, "the  great  lav-a  flow  south  af  San 
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Marcial,  which  deflected  the  course  of  the  Rio  Grande  far 
to  the  west  of  its  old  valley  through  the  Elephant  Butte 
canyon  and  west  .of  the  Sierra  de  los  Caballos,  reaching  its 
old  course  again  just  a  little  north  of  Las  Cruces.  The 
Jornada  del  Muerto  lying  between  the  San  Andreas  and  the 
Sierra  de  los  Caballos  is  undoubtedly  the  old  valley  of  the 
Rio  Grande,  from  which  the  river  was  diverted  at  the  time 
of  maximum  aggradation  and  at  the  time  of  the  great  San 
Marcial  lava  flow.  There  is  every  reason  to  believe,  from  a 
careful  study  of  the  history  of  the  Rio  Grande  that  a  cross 
section  at  the  Jornada  del  Muerto  is  comparable  in  its 
history  to  a  cross  section  of  the  river  at  Albuquerque,  where 
the  mesa  deposits  are  known  to  be  at  least  a  thousand  feet 
in  depth.  It  is  therefore  evident  that  the  plain  of  Jornada 
is  in  no  way  genetically  related  to  the  Llano  Estacado,  ex- 
cept in  so  far  as  concerns  the  Tertiary  deposits  of  the  latter. 
That  tlie  great  mesas  bordering  the  Rio  Grande  are  wholly 
of  fluviatile  origin  is  further  shown  from  the  topographic 
characteristics  in  the  vicinity  of  El  Paso  where  the  river 
runs  through  a  narrow  rock  channel  between  the  Franklin 
mountains  and  the  range  to  the  southwest. 

Some  few  miles  above  El  Paso,  and  on  the  west  of  the 
Franklin  mountains  are  preserved  other  extensive  remnants 
of  the  old  gravel  and  talus  plains  which  extend  out  from 
the  canyons  of  the  Franklin  mountains  at  a  level  of  300  or 
400  feet  above  the  Rio  Grande.  Several  miles  to  the  west 
across  the  immediate  channel  of  the  Rio  Grande  are  seen 
the  opposite  exposures  of  the  same  beds.  Whether  it  was 
by  the  blocking  of  the  old  channel  with  another  lava  flow 
farther  to  the  west  or  by  the  normal  process  of  excessive 
aggradation,  that  the  Rio  Grande  was  forced  through  the 
narrow  mountain  pass  at  El  Paso  is. yet  undetermined,  but 
that  it  is  superposed  in  its  present  position  upon  an  ancient 
col  at  El  Paso  is  certain. 

The  second  instance  to  which  attention  is  directed  is 
the  great  basin  in  New  Mexico  lying  between  the  San  An- 
dreas and  the  Sacramento  mountains,  known  as  the  White 
sands  plain  or  the  Hueco  bolson.*  This  certainly  is  a  typical 
bolson  as  the  writer  understands  the  use  of  the  term.    These 
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great  plains  are  some  sixty  or  seventy  miles  long  and  twen- 
ty to  thirty  miles  wide  with  the  Sacramento  mountains  on 
the  east  rising  to  an  average  level  of  6,000  or  7,000  feet 
above  the  plains  and  the  San  Andreas  and  Organs  on  the 
west  and  the  Sierra  Oscuras  on  the  north  rising  to  a  some- 
what less  elevation.  The  plains  are  very  level  or  slightly 
depressed  through  the  central  axis  and  show  a  decided 
grade  taward  the  south.  In  the  upper  part  of  this  great 
plains  valley  are  the  white  sands  and  the  salt  marshes  of  the 
ancient  lake  Otero  basin  recently  described  by  Prof.  C.  L. 
Herrick,  late  of  Socorro,  New  Mexico,  in  the  September 
number  of  the  Geologist  1904.  At  the  northern  end  of  the 
plains  lies  one  of  the  most  extensive  lava  flows  in  New 
Mexico,  surpassed  only  probably  by  the  great  northern  lava 
flow  in  Ria  Arriba  and  Taos  counties,  and  in  western 
V^alencia  county.  That  the  deposits  forming  the  floor  of 
this  great  basin  are  very  deep  and  composed  almost  entirely 
of  fluviatile  material  has  been  demonstrated  by  numerous 
wells  which  have  been  sunk  through  various  portions  of  the 
plain  ranging  in  depth  from  a  few  feet  to  a  well  in  the 
southern  portion  of  the  plain  over  2,000  feet  deep,  which 
did  not  even  at  that  extreme  depth  reveal  the  rock. 

North  of  the  great  lava  flow  lies  the  Chapedero  mesa 
and  still  farther  north  of  that  are  the  Estancia  plains  (San- 
doval bolson  of  Hill).  While  it  cannot  be  definitely  assert- 
ed with  the  data  in  hand,  there  are  many  facts  which  would 
seem  to  indicate  that  the  Estancia  plains  and  the  white 
sands  plains  represent  a  g  reat  north  and  south  structural 
valley,  more  or  less  parallel  to  the  Rio  Grande  valley,  from 
which  the  ancient  river  which  occupied  it,  was  either 
diverted  by  the  extensive  lava  flows  or  by  the  normal  pro- 
cesses of  aggradation,  or,  what  also  seems  very  probable, 
that  the  sediments  of  the  great  bolson  plains  in  these  great 
structural  valley  sections  have,  reached  such  enormous 
thickness  that  the  waters  of  the  through  flowing  drainage 
are  at  present  entirely  subterranean.  There  are  many  facts 
in  hand  to  prove  that  there  is  a  subterranean  drainage  which 
passes  out  of  the  southern  end  of  this  great  axial  trough. 

In  referring  to  the  region  of  the  Rio  Pecos,  Dr.  Keyes 
says :     "Of  these   the   last  two   streams   mentioned"    (R16 
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Pecos  and  Rio  Grande)  "flow  in  the  broad  valleys  between 
lines  of  block  mountains,"     And  in  another  place  refers  to 
the  long  basin  plains  of  the  Pecos  and  states  that  the  Pecos 
has  cut  down  to  a  depth  of  2,500  feet  below  the  level  of  the 
old  plain.     It  would  seem  that  Dr.  Keyes  has  failed  to  rec- 
ognize the  fact  that  the  Rio  Pecos  derives  most  of  its  '\yater 
supply  from  the  eastern  side  of  the  ranges  of  the  Rocky 
mountains;  that  the  drainage  of  the  river  corresponds  very 
-closely  with  the  strike  of  the  Cretaceous  beds,  the  Pecos 
itself  being  a  very  asymmetric  river,  having  all  of  its  tribu- 
taries of  any  consequence  on  its  western  side.     And  when 
it  is  borne  in  mind  that  the  river  is  flowing  in  its  southern 
course  through  southeastern  New  Mexico  along  the  out- 
crop of  a  great  bed  of  gypsum  and  that  the  Cretaceous  ter- 
ranes  of  the  Llano  Estacado  are  dipping  to  the  eastward  it 
will  be  seen  that  in  the  development  of  the  Pecos  valley  the 
axial  stream  has  been  migrating  slowly  eastward  down  the 
•dip  of  the  strata  against  the  edge  of  a  hard  stratum.     On 
the  westetrn  side  of  the  Pecos  the  surface  of  the  region  con- 
forms very  closely  with  a- very  hard  limestone  element  of 
the  Cretaceous  series  which  rises  rapidly  toward  the  west 
nearly  to  the  crests  of  the  bordering  mountains,  while  on 
the  eastern  side  of  the  river  there  is  a  sharp  escarpment  of  a 
few  hundred  feet  from  the  upper  edge  of  which  extends  the 
great  plain  of  the  Llano  Estacado,  Which  slopes  gradually 
to  the  southeast,  the  surface  of  which  is  strewn  with  the 
Tertiary  gravels.     The  Rio  Pecos,  therefore  has  no  moun- 
tains bordering  the  eastern  side  of  its  valley  and  there  are 
no  extensive  detrital  plains  in  any  way  comparable  to  those 
of  the  Rio  Grande  along  the  course  of  the  Pecos  outside  of 
the  mountain  valleys  at  its  head  waters,  except  the  great 
frontal  apron  of  Tertiary  mountain  wash  just  referred  to. 
If  we  are  to  assume  that  two  thousand  feet  of  sedi- 
Tnents  have  been  removed  from  the  Llano  Estacado  then  it 
might  be  proper  to  say  that  the  Pecos  is  flowing  2,500  feet 
below  the  aggradation  surface  of  the  Cretaceous  terrahes ; 
-otherwise  we  must  consider  that  the  major  portion  of  the 
valley  of  the  Pecos  is  scarcely  mofe  than  a  good  sized  drain- 
-..dge' ditch  alori]^  the  linfe  of  ^ttikt  of  the  hiafd  beds  of  the 
•Cretaceous   formatio^T  Vvhidi*  underlies   the   Staked   Plains 
region. 
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Concerning  the  bolsons  of  the  Rio  Mimbres  or  Ante- 
lope plains  I  have  little  data  at  hand  except  that  it  is  well 
known  that  underneath  the  Antelope  plains  there  is  a  large 
supply  of  subterranean  water  contained  in  deeply  buried 
river  gravels.  It  has  never  been  my  pleasure  to  visit  the 
San  Augustine  plains,  therefore  I  cannot  speak  authorita- 
tively concerning  this  extensive  bolson. 

With  this  brief  statement  concerning  some  of  the  physi- 
ographic and  structural  features  of  New  Mexico  it  seems 
to  the  writer  that  Dr.  Keyes  is  not  justified  in  classifying  as 
a  common  physiographic  type  the  great  plains  of  the  Llano 
Estacado  to  the  eastward  of  New  Mexico  and  the  typical 
bolsons  which  occur  within  its  borders.  In  the  judgment 
of  the  writer  it  would  not  even  be  possible  to  place  the 
border  plains  of  the  Rio  Grande  and  of  the  Rio  Pecos  in  the 
class  of  bolsons,  and  certainly  such  plains  as  the  Hueco, 
Miuihres,  the  Estancia  and  the  Jornado  can  bear  no  relation 
•whatever  to  the  great  plateau  plain  through  which  the 
Colorado  river  has  cut  its  grand  canyon. 

From  the  data  in  hand  it  appears  to  the  writer  that  in 
New  Mexico  and  much  of  the  g^eat  basins  region  where  the 
bolson  plains  form  an  important  physiographic  type,  there 
is  a  common  history  of  origin.  The  whole  region  has  been 
ai  some  time  at  a  very  much  higher  level  than  at  present 
and  subjected  to  such  erosion  that  the  great  structural  val- 
);:}  s  of  the  entire  region  were  worn  out  several  thousand 
feet  m  depth.  Every  feature  of  origin  seems  to  point  with 
unmistakable  finger  to  a  time  of  such  erosion,  under  atmos- 
pheric conditions  of  heavy  garticipatioji,  with  a  much  higher 
elevation  of  the  plateau  than  at  the  present  time.  There 
certainly  was  a  time  when  the  carrying  capacity  of  the  axial 
streams  of  all  the  valleys  was  much  in  excess  of  the  loads 
of  material  furnished, to  them  by  their  lateral  tributaries  and 
hy  torrential  action  of  the  characteristic  method  of  precipi- 
tation of  the  semi-arid  region,  resulting  io  the  supply  of  en- 
ormous quantities  of  material  from  the  steep  mountain 
slopes  into  the  valleys  in  such  quantities  that  the  larger 
streams  were  vastly  overtaxed  and  the  period  of  aggradation 
was  inaugurated.  This  period  continued  until  the  deposit 
in  these  ancient  vallevs  accumulated  to  thousands  of  feet 


282  The  American  Geologist.  November.  1905 

in  thickness.  In  many  cases  the  valleys  were  so  completely 
filled  that  the  detrital  plains  of  the  neighboring  valleys  were 
united,  giving  the  appearance  of  extensive  plains  with  iso- 
lated islands  or  bordering  ridges. 

Where  the  flow  of  water  in  the  larger  drainage  axis 
like  the  Rio  Grande  was  sufficient,  the  river  contributed" 
largely  in  the  process  of  aggradation  and  plains  building. 

At  or  fiear  the  time  of  maximum  aggradation,  in  the 
New  Mexico  region,  at  least,  occurred  the  period  of  great 
basaltic  lava  flows.  These  were  so  distributed  that  in  some 
cases,  the  lava  flowed  on  to  the  bolson  plains  of  the  g^eat 
isolated  valleys  or  into  the  great  plains  bordering  the  Rio 
Grande  and  other  streams  diverting  their  courses.  This 
great  period  of  subsidence  and  aggradation  i?  most  striking- 
ly shown  in  portions  of  southern  Arizona,  where  Dr.  W.  T. 
Lee  of  the  Geological  Survey,  has  told  me  that  the  fluviatile 
deposits  following  the  great  eroded  channelways  of  the  Col- 
orado and  other  streams  extend  to  several  hundred  feet  be- 
low sea  level  as  is  abundantly  attested  by  well  data. 

While  it  does  not  seem  at  all  necessary  to  postulate  the 
great  deformations  of  the  land  to  account  for  transitions 
from  conditions  of  degradation  to  those  of  aggradaation,  as 
in  many  cases  variations  of  climatic  conditions  including 
precipitation  and  so  on,  may  be  sufficient  causes,  yet  where 
it  is  known  that  the  plain  of  degradation  extends  below  the 
plain  of  the  present  marine  base  level,  a  difference  in  alti- 
tude must  be  assumed.  Dr.  D.  W.  Johnson  in  an  extensive 
article  on  the  High  Plains  and  Their  Utilization,  published 
in  the  21st  annual  report  of  the  United  States  Geological 
Survey,  Hydrographic  Division,  has  described  with  much 
detail  the  method  of  the  formation  of  the  frontal  aprons  bor- 
dering the  mountain  areas  in  the  semi  arid  regions  with 
special  reference  to  the  great  sheet  of  Tertiary  gravels 
which  are  spread  out  over  the  high  plains  region,  including 
the  Llano  Estacado.  He  presents  a  diagramatic  section  on 
page  729  of  that  report  showing  the  relation  of  Tertiary 
gravels  to  the  underlying  Cretaceous  over  the  Stake  Plains 
plateau,  and  he  rightfully.  I  believe,  attributes  their  origin 
to  the  ffontal  ranges  of  the  Rockies.  His  description  of  the 
method  of  formation  and  structure  of  the  great  Tertiary 
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plains  is  in  accordance  with  the  writer's  views  upon  the 
same  subject,  and  present  the  conditions  which  prevail 
throughout  the  western  plateau  and  great  basins  region 
during  a  portion  of  Tertiary^  time. 

That  there  is  certainly  a  great  similarity  in  the  method 
of  formation  of  the  Tertiary  deposits  over  the  Llano  Esta- 
cado  and  great  bolsons  of  New  Mexico,  and  the  basin  region 
there  is  no  question.  The  same  attitude  of  the  land  under 
uniform  climatic  conditions  produced  throughout  the  entire 
southwestetrn  country  more  or  less  uniform  phenomena  of 
erosion  and  aggradation  on  the  pre-existing  land  forms,  but 
that  the  term  bolson  is  to  be  applied  to  any  and  all  portions 
of  these  deposits  wherever  found  is  to  be  much  questioned. 
The  same  conditions  which  spread  out  a  great  sheet  of 
gravels  over  the*  surface  of  the  Cretaceous  on  the  Llano  Es- 
tacado  produced  an  extensive  filling  in  all  the  great  moun- 
tain-bordefed  basins  and  erosion  valleys  of  the  plateau  re- 
gion. 

Nor  can  we  class  as  bolsons  such  plains  of  recent  origin 
as  occur  along  the  Rio  Grande,  which  have  been  described 
by  Dr.  Herrick,  in  the  Geologist,  vol.  33,  June  1904,  as 
clino  -plains. 

If  we  are  to  consider  the  section  of  the  Rio  Grande  be- 
tween Bernalillo  and  Socorro,  the  Jornado  del  Muerto,  and 
the  Mesilla  valley  as  typical  bolsons  as  described  by  Mr. 
Hill,  and  are  also  to  consider  the  Roswell  basin  of  the  Pecos 
as  a  typical  bolson,  it  seems  certain  that  the  Roswell  bolson, 
so  classified,  must  be  of  a  much  more  recent  origin  than 
those  of  the  Rio  Grande,  for  the  Rio  Grande  deposits  seem 
to  be  correlated  in  time  with  the  great  Tertiary  deposits 
over  the  surface  of  the  Llano  Estacado,  while  the  deposits 
occupying  the  Roswell  basin  have  been  made  since  the 
erosion  of  that  basin  out  of  the  Tertiary  and  Cretaceous 
formations  of  the  Llano  Estacado.  Again  if  we  are  to  con- 
fine our  definition  of  the  term  bolson  to  plains  formed  with- 
in the  structural  valleys  (using  this  latter  term  in  a  very 
broad  sense  )then  we  must  exclude  the  Roswell  valley  from 
the  class  of  bolsons,  for  the  writer  is  satisfied  that  the  sec- 
tion of  the  Pecos  included  within  the  borders  of  New  Mex- 
ico is  wholly  an  erosion  form. 
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In  no  sense  then  can  the  extensive  bolsons  of  New 
Mexico  be  grouped  into  a  common  class  and  referred  to  as 
remnants  of  the  early  Cretaceous  peneplain  preserved 
''merely  by  lack  of  erosion  agencies."  We  must  then  take 
sharp  issue  with  Dr.  Keyes,  when  he  says  of  the  bolsons 
of  New  Mexico :  *'Bolson  plains  may  be  considered  as  sec- 
tions of  an  upraised  peneplain  surface  in  its  earliest  infancy, 
in  the  stage  when  they  are  as  yet  untouched  by  stream 
action." 

As  a  bolson  plain  is  a  constructional  form  and  is  not 
confined  necessarily  to  any  period  of  time  it  must  be  recog- 
nized that  the  bolson  plain  passes  through  a  history  of  con- 
struction and  destruction  similar  to  that  of  any  other  con- 
structional topographic  form,  and  the  various  stgaes  of  its 
formation  and  destruction  should  be  carefully  noted.  After 
the  formation  of  the  bolson  plain  the  region  may  become 
subjected  to  intense  erosion,  which  would  eventually  leave 
but  remnants  of  the  old  plain,  while  a  neighboring  plain  not 
subjected  to  such  treatment  might  persist  or  even  continue 
to  develop  its  characteristics  as  a  distinct  physjographic 
type. 

It  seems  to  the  writer  that  the  bolson  plain  will  find  its 
proper  place  and  recognition  in  the  literature  of  topographic 
forms. 
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GLACIAL     LAKES     AND     MARINE     SUBMERGENCE     IN     THE 

HUDSON-CHAMPLAIN  VALLEY. 
By  Wabrbn  Uphax,  St.  Paul    Minn 

Very  important  studies  of  the  Quaternary  history  of 
the  Hudson-Champlain  valley  have  been  recently  published 
by  Charles  E.  Peet  and  J.  B.  Woodworth,  who  have  worked 
mainly,  both  in  the  field  and  in  the  study,  without  collabora- 
tion together,  yet  reaching  closely  similar  conclusions.* 

The  work  of  Mr.  Peet  is  a  continuation  from  his  service 
since  1893  on  the  Geological  Survey  of  New  Jersey,  for 
which  he  mapped  the  Pleistocene  deposits  of  the  Palisade 
Ridge,  bordering  the  Hudson  river.  His  plans  for  extend- 
ing this  investigation  along  all  the  valley  north  to  lake 
Champlain  and  the  St.  Lawrence  were  made  under  the 
direction  of  Prof.  R.  D.  Salisbury,  and  the  field  work  and 
presentation  of  results  have  been  directed  by  Prof.  T^  C. 
Chamberlin ;  but  the  author  claims  the  full  responsibility 
for  the  opinions  expressed.  He  had  reached  the  main  re- 
sults some  four  years  ago,  and  later  gave  attention  chiefly 
to  the  crustal  movement  and  the  origin  of  the  water  body 
in  the  Hudson  valley,  whether  lacustrine  or  marine. 

Professor  Woodworth  gives  in  his  two  very  elaborate  ' 
publications  the  results  of  his  surveys  for  the  New  York 
State  Museum  during  the  years  1900  to  1903,  with  the  aid 
of  field  notes  and  advice  by  G.  K.  Gilbert  from  several 
seasons  of  his  work  in  the  St.  Lawrence  valley,  where  he 
had  examined  the  country  from  lake  Ontario  around  the 
northern  slopes  of  the  Adirondacks  and  southward  on  the 
west  side  of  lake  Champlain  to  West  Chazy.  That  explor- 
ation led  to  the  selection  of  the  Mooers  quadrangle  for  de- 
tailed mapping  of  its  glacial  drift  and  lacustrine  and  marine 
formations. 

•  Glacial  and  Postglacial  History  of  the  Hudson  and  Champlain 
Valleys,  by  Charles  Embrson  Piesr;  reprinted  (1904),  with  slierht  revision, 
from  the  Journal  of  Geology,  vol.  xii,  pp.  415-469,  $17-661,  July-August  and 
October-November.  1904;  with  27  figures  In  the  text  (maps,  sections,  pro- 
nies.    and    views   from  photographs). 

Pleistocene  Geology  of  Mooers  Quadrangle,  being  a  portion  of 
Clinton  County,  including  parts  of  the  towns  of  Mooers.  Champlain,  Al- 
tona,  Chazy,  Dannemora,  and  Beekmantown,  N.  Y.,  by  Jat  Backus 
WooDwoRui  (Bulletin  83.  New  York  State  Museum),  June,  1906;  padres 
60,  with  25  plates  (maps,  and  views  from  photographs),  and  a  folded 
map  of  the  Glacial   geology  of  Mooers  Quadrangle. 

Ancient  Water  levels  of  the  Champlain  and  Hudson  Valleys,  by 
J4T  BACKt'H  voonwoHTH  (Bulletin  84.  New  York  State  Museum),  July. 
1905;  pages  65-265.  with  28  plates  (maps,  profiles,  and  views),  24  figures  In 
the  text,  and  the  Glacial  map  of  the  Mooers  Quadrangle  (the  same  slH 
in    the   preceding  bulletin). 
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in  deference  to  McGee,  Salisbury,  and- others,  who  re- 
gard the  Lafayette  and  Columbia  formations  of  the  Atlantic 
coastal  plain  in  southern  New  Jersey,  and  thence  south  to 
the  Gulf  of  Mexico,  as  of  marine  deposition,  Peet  states  very 
fully  the  arguments  that  would  refer  the  Late  Glacial  water 
body  in  the  Hudson  valley  to  incursion  of  the  sea.  This 
would  seem  indeed  to  be  the  first  and  most  obvious  pre- 
sumption, in  view  of  the  fossiliferous  marine  beds  in  the 
Champlain  and  St.  Lawrence  valleys  at  altitudes  ranging 
to  a  maximum  of  560  feet  on  Mt.  Royal,  at  Montreal,  while 
the  divide  between  lake  Champlain  and  the  Hudson  river, 
near  Fort  Edward,  is  only  147  feet  above  the  sea  level. 

But  no  marine  fossils  are  found  in  the  abundant  strati- 
fied gravel,  sand,  and  clay  deposits  of  the  Hudson  valley, 
which  indicates,  with  the  evidences  of  Quaternary  uplift  of 
the  southern  part  of  this  valley  and  of  the  Long  Island  re- 
gion and  the  southern  Atlantic  coast,  that  a  land  barrier  on 
the  south  held  a  glacial  lake  in  the  Hudson  and  Champlain 
valleys,  outflowing  along  the  now  submarine  continuation 
of  the  course  of  the  Hudson  outside  the  Narrows.  This  ex- 
planation of  the  submerged  shallow  valley  and  of  the  modi- 
fied drift  and  later  stratified  beds  along  the  Hudson  river, 
belonging  to  the  time  of  recession  of  the  continental  ice- 
sheet.  I  have  presented  in  various  publications  during  the 
past  fourteen  years,  having  in  1892  given  the  name  Hudson- 
Champlain  to  this  glacial  lake.* 

In  other  papers  I  have  argued  against  the  supposed 
marine  origin  of  the  Lafayette  and  Columbia  series,  attrib- 
uting them  instead  to  river  deposition  on  land  areas,  from 
erosion  of  the  Appalachian  mountain  belt  at  times  when 
that  rci^ion  has  undergone  epeirogenic  uplifts.* 

Although  a  marine  or  estuarine  origin  of  the  Hudson 
valley  deposits  is  argued  by  Peet  as  fully  as  seems  possible, 
he  also  gives  full  consideration  to  the  evidences  for  the 
freshwater  deposition  of  these  beds,  evidently  deeming  this 
the  more  probable  view,  so  that  he  leaver  this  question  open 
and  undecided. 


*  <lool.    Soc.    of   Amprica.    lUiUotin.    vol.    iii,    pp.    4S4-487. 

*  Am.  Jour.  Soi.,  third  siMJfS,  vol.  xll.  pp.  33-52,  Jan.,  1891.  Am. 
Naturalist,  vol.  xxviii.  pp  !»7H-U^s.  Drc.  1894.  Proc.  A.  A.  A.  S.,  vol. 
xliii.  \S^i.  Coniptf  Heiulu  du  Congfr^.s  G6ologi(jue  IntornatioTial.  Zurich. 
1894,    pp     238-2:)l.     Am      (iE<»LrM.i-T     vol.    xxv.    pp.    313-314,    May,    1900. 


Glacial  Lakes  and  Marine  Submergence — Upbam.  1%7 

Woodworth  takes  more  definite  ground  in  support  of 
the  explanation  of  the  Hudson  beds  as  sediments  of  a  glacial 
lake,  to  which  he  gives  the  name  Lake  Albany;  arid  the 
glacial  lake  of  the  Champlain  valley,  Which  he  thinks  to  have 
been  later  and  distinct,  he  names  Lake  Vermont.  To  the 
present  writer,  however,  it  seems  quite  certain  that  the 
glacially  dammed  water  bodies  of  these  two  parts  of  the 
Hudson-Qiamplain  valley  were  continuous  at  the  same 
levels,  changed  with  the  gradual  northward  uplift  of  the 
valley,  forming  deltas  and  shore  lines  which  are  interrupted 
by  conditions  of  topography  and  sedimentation,  but  which 
by  exact  surveys  with  levelling  will  be  traced  continuously 
from  the  Hudson  valley  northward  around  the  marine  area 
of  the  Champlain,,  St.  Lawrence,  and  Ottawa  basins,  lying 
at  higher  altitudes  than  the  marine  shores  and  fossiliferous 
beds. 

By  my  examination,  in  1901,  of  the  lowest  part  of  the 
water  divide  between  the  Hudson  and  the  Champlain,  pub- 
lished in  the  American  Geologist  for  October,  1903,  I 
could  find  no  evidences  of  outflow  there  from  the  glacially 
ponded  waters  of  the  Champlain  basin.  That  divide  or  low- 
est place  of  the  watershed,  near  Fort  Edward,  seems  to  me 
to  have  been  covered  by  the  Hudson-Champlain  glacial  lake, 
and  by  the  later  glacial  Lake  St.  Lawrence,  until  the  con- 
tinued departure  of  the  ice-sheet  far  north  allowed  the  sea 
to  come  into  the  St.  Lawrence  and  Champlain  valleys,  then 
filling  the  southern  part  of  the  latter  nearly  to  the  hight  of 
this  col  of  its  watershed. 

The  names  Lake  Albany  and  Lake  Vermont,  applied  by 
Woodworth,  seem  to  be  synonyms  of  my  previous  nomen- 
clature as  lakes  Hudson-Champlain  and  St.  Lawrence,  pub- 
lished in  my  U.  S.  Geological  Survey  monograph  of  Lake 
Agassiz  and  in  other  papers.*  which,  however,  are  not  in- 
cluded in  the  extended  bibliography  given  by  Woodworth 
for  this  subject,  although  he  cites  a  large  number  of  my 

*  Geol.  Soc.  at  America,  vol.  lii,  pp.  484-7,  1892.  Am.  Jour.  Scl..  third 
series,  vol.  xlix,  pp.  1-18,  with  map,  Jan.,  1895.  Minnesota  Qeol.  and 
Nnt.  Hist.  Survey.  Twenty-third  Annual  Report,  for  1894  (pub.  Feb., 
1S%>.  pp.  156-193.  witli  map.  U.  S.  Geol.  Survey,  Monograph  xxv.  The 
Glacial  T..ake  Agsrassoz,  1895.  pp.  264,  262-264.  Am.  Gbologibt,  vol.  xxxil. 
pp.  223-230,  Oct..  1903.  International  Quarterly,  vol.  xi,  pp.  248-266,  July, 
1905. 


288    ,  The  American  Geologist.  Morember,  looe 

earlier  glacial  papers.  Several  very  noteworthy  papers  by 
others,  also,  as  Elias  Lewis,  Jr.,t  and  Prof.  J.  S.  Newberry,* 
relating  to  Long  Island  and  the  Hudson  valley,  are  similarly 
overlooked  in  his  bibliography. 

From  consideration  of  the  amount  and  probable  rate 
of  the  rise  of  the  Champlain  and  St.  Lawrence  region  from 
the  Late  Glacial  and  Postglacial  marine  submergence, 
Woodworth  estimates  the  duration  of  the  Postglacial  epoch 
as  somewhere  between  20,000  and  100,000  years.  The  pres- 
ent writer  has  shown,  however,  that  nearly  all  the  uplifting 
of  the  Lake  Agassiz  area  took  place  probably  within  so 
short  a  time  as  about  one  thousand  years,  during  the  ex- 
istence of  that  lake,  since  which  time  the  region  has  been 
affected  only  by  very  slight  changes  of  level.  Likewise 
probably  the  uprise  of  the  St.  Lawrence  basin  was  at  first 
relatively  rapid,  so  that  it  might  all  take  place  within  the 
period  of  about  7,000  or  6,000  years  which  is  indicated  for 
Postglacial  time  in  that  part  6f  the  northern  United  States 
and  Canada  by  Prof.  N.  H.  Winchell  in  his  studies  of  the 
recession  of  the  Falls  of  St.  Anthony,  with  which  my  studies 
of  the  Niagara  falls  and  gorge  well  coincide.  The  former 
estimate  of  the  period  since  the  Ice  age  as  tens  of  thousands 
of  years,  still  advocated  by  Gilbert  and  Woodworth,  is  op- 
posed by  a  great  range  of  well  accordant  evidences  on  the 
glaciated  areas  of  both  North  America  and  Europe. 

This  Hudson-Champlain  area,  made  classic  in  glacial 
geology  by  the  work  of  C.  H.  Hitchcock,  Baldwin,  Baron  de 
Geer,  Gilbert,  Merrill,  Peet,  Woodworth,  and  others,  which 
through  the  writings  of  Hitchcock  and  Dana  gave  the  name 
Champlain  to  the  closing  epoch  of  the  Ice  age,  deserves  yet 
further  work  of  detailed  surveys,  with  exact  levelling  for 
determination  of  the  relations  of  all  its  lacustrine  and  marine 
shore  lines.  No  other  area  of  our  continent  promises  more 
important  information  concerning  the  Glacial  and  Recent 
periods. 

It  should  also  be  added  that  the  deeply  submerged  outer 
fjord  of  the  Hudson,  made  known  with  exact  soundings  and 
chartine^  by   Lindenkohl,   is  the  key  to  the  causes  of  the 

t  Pop.   Sci.    Monthly,   vol.   x,   pp.    434-446,   Feb.,   1877. 
t  Pop.    Scl.    Monthly,    vol.    xiil,   pp.    641-660,   Oct.,   1878. 
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Glacial  period,  by  its  testimony  of  very  g^eat  preglacial  land 
elevation,  together  with  the  similar  evidence  given  by  the 
submarine  continuations  of  the  Congo,  the  Adour,  and  other 
rivers,  and  by  the  profound  depths  of  the  Scandinavian  and 
Arctic  fjords. 


THE  JURASSIC   HORIZON   AROUND  THE  SOUTHERN  END  OP 

THE  ROCKY  MOUNTAINS. 
By  Charlxs  R.  Kstss,  Socorro,  New  Mexico 

Soon  after  passing  the  Colorado  line  the  Rocky  moun- 
tains rapidly  lose  their  predominant  characteristics  and 
fade  out  completely  into  the  Mexican  tableland.  The  moun- 
tain ranges  which  succeed  to  the  southward  are  short,  iso- 
lated, tilted  blocks,  that  are  of  a  wholly  different  type  from 
that  of  the  mountainous  structures  to  the  northward,  and 
to  which  they  present  marked  topographic  contrasts. 

At  this  southern  extremity  of  the  Rockies  in  northern 
New  Mexico,  the  general  stratigraphy  presents  some  un- 
looked  for  phases  that  are  of  exceptional  interest.  More- 
over, it  is  here  that  the  eastern  Mississippi  valley  strati- 
graphy, with  which  American  workers  are  most  familiar, 
loses  its  identity  and  is  replaced  by  a  less  known  western 
stratigraphy.  The  rock-successions  of  these  two  provinces 
have  never  been  satisfactorily  or  exactly  paralleled.  Of  the 
many  stratigraphic  problems  that  have  arisen  recently  for 
solution  in  this  region  none  has  possessed  greater  interest 
than  the  questions  surrounding  the  horizon  at  which  the 
Jurassic  system  should  be  represented. 

Ever  since  the  time  of  Jules  Marcou's  trip,  sixty  years 
ago,  in  connection  with  the  Pacific  railroad  expedition  along 
the  thirty-fifth  parallel,  when  he  pronounced  the  now  cele- 
brated Tucumcari  section  in  eastern  New  Mexico  as  of 
Triassic  and  Jurassic  ages,  there  has  been  waged  one  of  the 
bitterest  and  most  useless  controversies  in  the  history  of 
American  geology.  Marcou  was  well  acquainted  with  Ju- 
rassic and  Triassic  sections  of  Europe  and,  as  Louis  Agassiz 
has  well  remarked,*  he  could  hardly  be  blamed  for  seeing 

*  Am.   Jour.    Sci..    (1),   vol.    xxvll,    p.   134,   1859. 
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a  close  analogy  in  the  New  Mexican  sequence.  The  full 
force  of  this  position  finds  another  instructive  parallel  in 
the  so-called  Permian  question  of  central  Kansas.^ 

Both  of  these  controversies  doubtlessly  would  have 
been  avoided  had  all  participants  relied  less  on  analogy  and 
more  upon  the  actual  critical  criteria  which  the  formations 
themselves  supply. 

Singularly  enough,  after  all  these  years  in  which  Mar- 
coi'  has  stoutly  maintained  the  correctness  of  his  original 
position,  the  "Triassic"  part  of  the  Tucumcari  section  ap- 
pears finally  to  be  determined  without  much  doubt  as  Tri- 
assic  in  age.  It  now  becomes  a  question  of  more  than 
passing  interest  to  inquire  anew  regarding  Marcou's  Jurassic 
beds  of  the  same  locality. 

According  to  Marcou's  Pyramid  mountain  section, 
which  is  near  the  Cerro  Tucumcari,  and  which  is  essentially 
the  same,  there  were  included  in  his  so-called  Jurassic 
sequence  fa)  about  225  feet  of  soft,  shaly,  light-colored 
sandstones,  which  Hill  has  since  correlated  with  the  Trinitv 
sands  of  central  Texas,  (b)  50  feet  of  bluish  fossiliferous 
shales,  which  Hill  considers  as  forming  the  uppermost  por- 
iton  of  the  Washita  division  of  the  Comanche  series,  and 
from  which  Marcou  collected  his  few  fossils,  and  (c)  50  feet 
of  massive  yellow  calcareous  sandstone,  which  has  since 
been  found  to  be  the  attenuated  extension  of  the  Dakota 
sandstone.  Even  within  the  last  decade  Cummins  has 
gathered  all  of  these  beds  into  a  single  unit  and  proposed 
for  them  the  title  of  the  Tucumcari  formation.*  All  of 
these  formations  at  Tucumcari  appear  to  form  a  perfectly 
conformable  succession. 

More  extended  observations  have  lately  shown  quite 
conclusively  that  marked  unconformities  actually  exist  be- 
tween everyone  of  the  formations  mentioned.  Regarding 
them  many  questions  now  arise  concerning  their  real  sig- 
nificance in  the  geological  history  of  the  region. 

"Fhe  remnant  of  the  Dakota  sandstone  (c)  which  is 
found  in  the  Tucumcari  section  is  now  known  to  form  the 
base   (^f  the    Mid-Cretaceous    (Upper   Cretaceous   of   Meek 


•  Journal    of   Gpolojarv.    vol.    vii.    pp.    221-241.   1899. 
•   Texas  Geol.   Sur.,   Third  Ann.   Rept..   p.    201.    1892. 
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and  Hayden).  It  rests  unconformably  on  all  older  forma- 
tions, from  the  Mid-Carboniferous  limestones  to  the 
Comanche  series. 

The  shale  (b)  beneath  the  massive  sandstone  at  the  top 
of  the  Tucumcari  section,  has  been  correlated  with  the  top- 
most portion  of  the  Washita  division  of  the  early  Cretaceous 
as  represented  farther  to  the  eastward  in  Texas.  The  lower 
members  of  the  early  Cretaceous  successively  thin  out  to 
the  north  and  west  from  the  central  part  of  that  state  and 
each  overlaps  the  next  below. 

The  next  formation  below  (a),  which  rests  unconform- 
ably upon  the  Triassic  Red  Beds  and  which  has  been  par- 
alleled with  the  Trinity  sands  of  central  Texas  appears  to 
be  a  formation  with  as  yet  no  tangibly  determinable  rela- 
tionships. It  may  be  the  basal  member  of  the  early  Cre- 
taceous section  which  is  so  well  developed  farther  to  the 
eastward,  and  this  has  been  the  view  advanced  bv  Hill  and 
other  workers  in  the  Texas  field.  Or,  it  may  be  a  littoral 
deposit  that  followed  up  an  advancing  shore ;  and  thus  it 
may  have  an  age  in  its  different  parts  extending  throughout 
the  Comanche  period.  However,  this  phase  of  the  subject 
receives  full  discussion  elsewhere. 

This  so-called  Trinity  sandstone  stands  apart  from  all 
else.  It  has  no  direct  genetic  relationships  with  the  forma- 
tions either  above  or  below.  The  unconformable  relations 
that  it  bears  both  to  the  superior  strata  and  to  the  inferior 
rocks  clearly  indicates  the  lapse  of  a  considerable  time  in- 
terval at  least  at  the  base.  There  is  then  in  this  sandstone 
an  important  geological  formation  about  which  little  is  yet 
definitely  known  regarding  its  geological  relationships ;  and 
to  the  westward  at  the  same  horizon  an  important  erosion 
interval  is  represented.  The  equivalents  of  these  in  the 
sediments  of  other  localities,  as  well  as  the  space' they  repre- 
sent in  the  general  geological  column  have  become  topics  of 
some  speculation.  . 

White,  who  was  long  the  best  American  authority  on 
the  Cretaceous  rocks,  considered  the  Trinity  sands,  or 
Dinosaur  beds,  as  reaching  down  into  the  Jurassic  period. 
Marcou  regarded  the  Jurassic  as  partially  represented  by 
this  formation.     Most  writers  have  disputed  the  existence 
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of  any  Jurassic  beds  in  this  part  of  the  continent.  Their 
evidence  has  been  even  less  conclusive  than  that  presented 
by  the  pioneer  geologist  just  mentioned.  It  is  now  known 
that  Marcou  and  his  critics  were  not  discussing  exactly  the 
same  thing. 

Independent  of  whatever  may  have  been  concluded  in 
the  past  regarding  the  presence  or  absence  of  Jurassic  de- 
posits in  the  Tucumcari  section  it  is  certain  that  there  exists 
at  the  horizon  where  the  Jurassic  system  is  naturally  lo- 
cated in  the  general  geological  column^  a  stratigraphic  gap 
and  a  formation  about  which  there  is  much  to  learn  before 
their  real  significance  is  understood.  .  It  may  be  that  after 
all  Marcou*s  surmise  was  right  and  that  the  Jurassic  sys- 
tem finds  representation  in  the  Cerro  Tucumcari,  just  as  it 
n<;w  appears  that  his  shrewd  guess  regarding  the  Triassic 
(•vcntnally  j)roved  to  be  correct. 

In  this  connection  it  is  of  interest  to  note  that  in  west- 
crrn  \fw  Mexico,  in  the  Zuni  region,  Dutton  has  regarded 
tlir  ^rcat  sc(|ucnce  of  sandstones  which  he  called  the  Zuni 
series,  and  whicli  is  upwards  of  1,200  feet  thick,  as  very 
likely  of  Jurassic  age.  He  correlated  this  series  with  the 
extciisixe  deposits  of  so-called  Jurassic  age  in  Arizona,  Utah 
and  southwestern  Colorado.  The  Zuni  series  for  the  pres- 
iiil  is  here  still  associated  with  the  Triassic  system.  Its 
stratij;ra|»liic  relationshi|)s,  especially  with  the  Dakota 
saiidstonrs.  and  the  positi(^n  in  the  Tucumcari  region  are 
iiidiealrd  in  tlie  section  subjoined  (Fig.  ..). 


'Iltl;   .IlillAMilli^    llOitl/.ON    IN   THE   SOUT^IERN   ROCKT  MOUNTAZNB. 

I  In    li.iii.'nii  representeil  by  the  heavy  line  is  worthy  of 

h    .iii«  iiiiMii.      Ii',   siraiii;raj)liic   horizon   is   that  of  the 

I  It  1. 1     M    ■.\-.iriii  oi  till'  i;i-iuTal  ^-eoloi^ical  section. 
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EL  INSTITUTO  GEOLOGICA  DE  MEXICO. 

By  F.  N.  Guild,  Tuscon,  Arw. 
PLATE  XV. 

Since  the  International  Congress  of  Geologists  is  to 
convene  in  the  city  of  Mexico  during  the  coming  summer 
of  1906,  it  may  be  interesting  to  the  readers  of  the  Ameri 
CAN  Geologist  and  especially  to  those  who  expect  to  attend 
the  congress,  to  learn  something  of  the  work  of  the  Institute 
in  Mexico  which  corresponds  to  our  national  geological  sur- 
vey. Such  a  description  seems  especially  opportune  at  the 
present  time  when  the  Institute  has  taken  up  its  quarters 
in  an  excellent  new  building  expressly  designed  for  its  pur- 
poses, and  is  now  busily  engaged  in  sending  invitations  to 
all  parts  of  the  world  and  making  other  preparations  for  the 
congress  which  is  to  be  held  within  its  walls. 

The  first  step  which  led  to  definite  results  in  the  forma- 
tion of  a  geological  survey  in  Mexico  was  made  in  1886  and 
through  the  efforts  of  Antonio  del  Castillo,  then  professor 
of  mineralogy  and  geology  in  the  School  of  Mines,  an  aU' 
thorization  wais  obtained  two  years  later  for  the  formation 
of  a  Comision  Geologica  de  Mexico.  The  first  publication 
issued  in  1895  appeared  under  the  title  of-  Boletin  de  la 
Comision  Geologica  de  Mexico.  Later,  however,  the  name 
was  changed  to  Instituto  Geologico  National  de  Mexico  and 
the  publications  appeared  under  that  name.  Castillo,  who 
may  be  considered  as  the  founder  of  the  Institute,  was 
chosen  director  which  position  he  held  until  his  death  in 
1895.  One  of  the  first  objects  of  the  Institute  seems  to  have 
been  the  preparation  of  sketches  (bosquejos)  on  the  gen- 
eral geology  of  the  country.  These  appear  in  bulletins  No. 
4,  5,  and  6.  They  are  accounts  of  scientific  expeditions  by 
various  members  of  the  staff  into  different  parts  of  the  re- 
public. 

The  Institute  was  first  housed  in  the  School  of  Mines 
building,  later  however,  removed  to  temporary  quarters  in 
the  Calle  de  Pasco  Nuevo  Num.  2.  and  finally  into  its  pres- 
ent building  on  5a  Calle  del  Cipres.  It  is  equipped  with 
excellent  chemical  la^^oratories  for  the  analvsis  of  rocks  and 
minerals,  museums  for  geological  and  niineralogical  collec- 
•  tioiis,  drafting  rooms,  libraries,  laboratories  for  microscopic 
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investigation,  and  all  necessary  appliances  for  geologic  re- 
search. The  museum  is  especially  well  equipped  with  a 
large  collection  of  nicely  trimmed  rocks  and  thin  sections 
corresponding.  Possibly  there  is  no  better  place  than 
Mexico  for  the  study  of  variations  in  rhyolitic  and  andesitic 
outflows,  and  the  Instituto  Geologico  keeps  its  doors  open 
to  scientists  who  decire  to  study  there.  The  staff  of  the 
Institute  at  present  consists  of  Jose  G.  Aguilera,  appointed 
director  on  the  death  of  Castillo,  EzequieLOrdonez,  sub- 
director  and  petrographer,  Emilio  Bose,  Carlos  Burckhardt, 
Juan  D.  Villarello,  E.  Angermann,  T.  Flores,  R.  Robles,  S. 
Truax,  and  A.  Villafana,  geologists,  R.  Santillan,  secretary, 
F.  Roel,  and  V.  de  Vigier,  chemists. 

The  Institute  has  an  interesting  and  in  some  respects 
unique  field  for  investigation.  The  larger  portion  of  the 
sedimentaries  and  older  crystalline  rocks  in  Mexico  are  cov- 
ered by  great  masses  of  recent  products  of  volcanic  activity 
such  as  ashes,  andesitic  and  basaltic  outflows.  The  Insti- 
tute has  a  very  complete  collection  of  these  rocks  which 
have  quite  thoroughly  been  worked  out  from  a  petrograph- 
ical  standpoint  and  presented  to  the  public  through  its  ex- 
cellent bulletins.  Its  investigators  plan  in  the  near  future 
to  discuss  more  completely  the  chemical  relations  of  the 
outflows  and  doubtless  valuable  additions  will  be  made  to 
our  knowledge  of  the  differentiation  of  volcanic  magmas. 
Volcanic  craters  are  found  everywhere,  some  in  the  state  of 
activity  (Colima)  others  possessing  but  faint  traces  of  their 
former  power  (Popocatepetl).  Even  within  less  than  two 
hours  ride  from  the  city  of  Mexico  groups  of  volcanoes  may 
be  studied  where  crater  cones  rise  but  a  few  hundred  feet 
above  the  level  valley  of  Mexico  (Sierra  de  Catarina.) 
These  present  variations  from  pure  cinder  cones  (Las  Cal- 
deras)  to  cones  from  the  crater  of  which  more  liquid  mate- 
rial has  escaped  (Cerro  de  Ixtapalapa).  Thus  a  more  ideal 
spot  for  the  investigation  of  at  least  one  phase  of  geology 
could  hardly  he  imagined. 

Following  is  a  list  of  the  publications  of  the  Institute: 
Num.  1. — Fauna  F6sil  de  la  Sierra  de  Catorce,  por  A.  del  Ca^stilla 

y  J.  G.  Aguilera.— 1895.— 56  pp.,  21  l&m. 
Num.  2. — Las  Rocas  Eruptivas  del  S.  O.  de  la  Cuenca  de  M6xico. 

por  E.   Ord6nez. — 1895. — 46  pp.,  1  lS.m. 
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Num.  3. — La  Geografia  Fisica  y  la  Geologia  de  la  Peninsula  de  Yu- 
cat&n,  por  C.  Sapper.— 1896. — 58  pp.,  6  Iftm. 

Nums.  4,  5  y  6. — Bosquejo  Geol6gico  de  Mexico. — 1897. — 272  pp.,  5 
l&m. 

Nums.  7,  8  y  9.— El  Mineral  de  Pachuca. — 1897. — ^184  pp.,  14  l&m. 

Num.  10. — Bibliografia  Geol6gica  y  Minera  de  la  Republica  Mexicana 
por  R.  Aguilar  y  Santill&n.— 1898.— 158  pp. 

Num.  11. — Cat&logos  sistem&tico  y  geogr&flco  de  las  especies  mine- 
ral6gicas  de  la  Republica  Mexicana,  por  Jos6  G.  Aguilera. — 
1898.— 158    pp. 

Num.  12.— El  Real  del  Monte,  por  E.  Ord6nez  y  M.  Rangel. — 1899. 
—108  pp.,  2G  Iftm. 

Num.  13. — Geologia  de  los  alrededorec  de  Orizaba,  con  un  perfil  de 
la  vertiente  oriental  de  la  Mesa  Central  de  Mexico,  por  Emilio 
.     Bose.— 1899.— 78   pp.,  3  l&m. 

Num.  14. — Las  Rhyolitas  de  Mexico  (Primera  parte),  por  E.  Ord6- 
nez. — 190. — 78  pp.,  6  1dm. 

Num.  15. — Las  Rhyolitas  de  M6xico  (Segunda  parte),  por  E.  Ord6- 
nez.— 1901. — 78  pp.,  6  l&m. 

Numero  IG. — Los  Criaderos  de  flerro  del  Cerro  del  Mercado  en  Du- 
rango,  por  M.  Rangel,  y  de  la  Hacienda  de  Vaquerias,  Estado 
de  Hidalgo,  por  J.  D.  Villarello  y  E.  Bose.— 1902. — 144  pp., 
5  l&m. 

Numero  17. — Bibliografia  Geol6gica  y  Minera  de  la  Republica  Mexi- 
cana por  R.   Aguilar  y   Santill&n. — 1904.      [En  prensa.] 

PARBRGONEJS. 

Tomo  I.  No.  1. — Los  temblores  de  Zana tepee,  Oaxaca. — Estado  ac- 
tual del  Volcdn  de  Tacan&,  Chiapas,  por  Emilio  Bose. — 1903. 
25  pp.,  4  ld.m. 

No.  2. — Fi»3iografia,  Geologia  6  Hidrologia  de  los  alrededores  de  la 
Paz,  Baja  California,  por  E.  Angermann. — El  Area  cubierta 
por  la  ceniza  del  Volc&n  de  Santa  Maria,  Octubre  de  1902,  por 
Emilio  Bose. — 1904.     26  pp.,  3  Idm. 

No.  3. — El  Mineral  de  Angangueo,  Michoac&n,  por  E.  Ord6nez. — An&- 
lisis  de  una  muestra  de  granate  del  Mineral  de  Pihuamo,  Ja- 
lisco, por  J.  D.  Villarello. — Apuntes  sobre  el  Paleozoico  en  So- 
nora,  por  E.  Angermann. — 1904.     34  pp.,  2  Iftm. 

No.  4. — Estudio  de  la  teorla  quimica  propuesta  por  el  Sr.  Andr6s 
Almaraz  para  explicar  la  formacl6n  del  petr61eo  de  Arag6n, 
Mexico,  D.  F.,  por  J.  D.  Villarello. — El  flerro  mete6rico  de 
Bacubirito,  Sinaloa,  por  E.  Angermann. — Las  aguas  subterrd- 
neas  de  Amozoc,  Puebla,  por  E.  Ord6nez. — 1904. — 24  pp.,  1 
l&mina. 

No.  5. — Informe  sobre  el  temblor  del  16  de  Enero  de  1902  en  el  Esta- 
do de  Guerrero,  por  los  Dres.  E.  Bdee  y  E.  Angermann. — Es- 
tudio  de  una  muestra  de  mineral  asbestii.orme  procedentc  del 
Rancho  del  Ahuacatillo,  Distrito  de  Zinap6cuaro,  E.  de  Michoa- 
c&n,  por  el  Ing.  J.  D.  Villarello.— 1904. — 26  pp. 
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J^o.  C. — Bstudio  de  la  hidrologia  subterr&nea  de  la  regi6n  de  Caderey- 

ta  M^ndez,  E.  de  Quer^taro;  por  el  Ing.  J.  D.  Villarello. — 1904. 

— 58  pp.,  2  \km. 
No.  7, — Estudio  de  una  muestra  de  grafita  de  Ejutla,  Estado  de  Oaxa- 

ca,  por  el  Ing.  J.  D.  Villarello. — ^An&Usls  de  las  cenlzas  del  Tol- 

c&n  de  Santa  Maria,  Guatemala,  yor  el  Ing.  E.  Ord6nez. — 

1904.— 26   pp. 
1^0.   8. — Hidrologia   subterr&nea  de  los  alrededores   de   Quer^taro, 

por  el  Ing.  J.   D.   Villarello. — 1905. — 56   pp.,   3   l&mlna^  y  2 

figuras. 
City  of  Mexico,  Aug.  25,  1905. 


SERPENTINES  IN  THE  NEIGHBORHOOD    OF    PHILADELPHIA. 

Anna  L  Jonas,  Brjm  liawr.  Fa. 

The  object  of  this  paper  is  to  give  a  brief  review  of  the 
•occurrence  and  origin  of  the  known  serpentines,  and  to 
•describe  in  particular,  the  serpentine  dykes  in  the  neigh- 
borhood of  Philadelphia,  Penna. 

It  is  generally  conceded  that  serpentine,  wherever  oc- 
curring as  a  mineral  or  a  rock,  is  a  secondary  product 
formed  in  the  zone  of  katamorphism  and  that  it  is  devel- 
oped by  the  alteration  of  non-aluminous,  ferro-magnesian 
silicates ;  olivine,  the  pyroxenes,  anthophyllite,  tremolite  and 
actinolite.  In  a  less  number  of  cases  serpentine  has  been 
derived  from  a  limestone. 

An  entire  rock  mass  may  be  composed  exclusively  of 
i^erpentine,  or  the  rock  may  contain  remain?  of  the  original 
minerals  from  which  the  serpentine  was  derived.  The 
physical  characters  of  the  rock  serpentine  are  therefore 
somewhat  modified  by  the  presence  of  associated  minerals. 
In  color  serpentine  has  a  wide  range  through  all  shades  of 
green,  brown  and  reddish  brown.  Its  texture  depends 
largely  on  the  mineral  from  which  it  was  derived;  serpen- 
tine formed  by  the  hydration  of  olivine  is  massive;  that 
variety  formed  by  the  alteration  of  an  amphibole  is  usually 
fibrous.  That  variety  which  results  from  the  alteration  of 
|)ry()xene  may  be  described  as  massive. 

Since  serpentine,  a  katamorphic  product,  is  not  easily 
weathered,  it  usually  forms  a  ridge  scantily  covered  with 
a  sterile  soil  composed  of  silica,  magnesia  and  stained  with 
iron  oxide. 
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Distributiofi , — Serpentine  has  a  wide  distribution 
through  the  British  Isles  and  Europe,  and  has  been  describ- 
ed from  several  localities  in  Asia  and  Africa.  The  serpen-^ 
tines  of  England.  Wales  and  Scotland  have  been  traced  to 
olivine  rocks  and  are  usually  associated  with  masses  of 
gabbro  or  dioryte.  The  serpentines  of  Europe,  for  the 
most  part,  occur  in  belts  of  igneous  rocks  and  crystalline 
schists  and  gneisses,  and  are  largely  derived  from  perido- 
tytes,  pyroxenytes  or  gabbros.  Serpentinised  marble  is  re- 
reported  from  the  Passauer  gneiss  district  of  central  Europe., 
from  the  upper  Reno  valley  of  Italy  and  from  the  Knopia 
district  of  Finland,  and  serpentine  is  associated  with  cal- 
careous schists  on  Corsica  and  at  Antioch,  Asia. 

In  America  serpentine  is  found  throughout  the  belt  of 
crystalline  formations  which  extends  from  Maine  to  Ala- 
bama and  forms  the  floor  of  the  Piedmont  plateau. 

Maine. — *In  Maine,  serpentine  has  been  reported  by 
Mr.  George  P.  Merrill  at  the  northern  end  of  Deer  Isle  in 
Penobscot  bay.  He  describes  it  as  a  very  dark  green  varie- 
ty mottled  by  diallage  crystals. 

Vermont ^ — There  are  many  localities  of  serpentine  in 
the  state  of  Vermontt  on  the  boundary  between  Dover  and 
Newfane  counties,  at  Windham ;  in  the  hills  of  the  north- 
western part  of  Chester  extending  to  Ludlow  and  Caven- 
dish ;  at  Plymouth,  Roxbury,  Westfield  and  Troy.  The 
serpentine  is  associated  with  steatite  and  occurs  both  in 
mica  schists  and  gneisses.  It  is  placed  among  the  strati- 
fied rocks  because  it  occurs  as  thick  beds  in  foliated  rocks 
and  does  not  cut  them.  This  could  be  accounted  for  on  the 
supposition  that  the  serpentine  was  an  intrusive  which  had 
been  folded  along  with  the  rock  into  which  it  was  intruded. 
The  steep  slopes  of  Belvidere^  mountain  are  composed  of 
amphibolyte.  In  it  the  hornblende  has  been  largely  alter- 
ed to  fibrous  serpentine. 

Massachusetts. — In  the  Holyoke  folio  Emerson  dis- 
cusses the  serpentine  which  extends  from  Holyoke,  Massa- 
chusetts, south  into  Connecticut.     The  Chester  amphibolyte 

•G.   p.  MBRRn^L,  "Stones  for  Buildlnflr  and  Decoration,"  p.  60. 
t  Geology  of  Vermon  1861,  vol.  I,  p.  644. 

X  Science,  vol.  xxi,  No.  533,  Mar.  17,  1905  (review).  'The  Serpentine 
and  Associated  Minerals  of  Belvldere  mountain,  Vermont,"  by  V.  F. 
Marbters. 
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is  described  as  a  "dark,  flaggy  hornblende  schist,"  in  part 
replaced  by  serpentine  and  emery.  In  an  earlier  publica- 
tion it  was  described  as  an  altered  eruptive,  but  in  this  folio 
Emerson  calls  it  an  altered  sediment,  probably  a  dolomyte 
and  of  Lower  Silurian  age,  lying  between  the  Rowe  and 
Savoy  schists,  both  of  which  are  sericite  schists.  Emerson 
decided  that  the  Chester  amphibolyte  is  a  sediment  because 
in  the  sedimentary  series  of  Connecticut,  Massachusetts  and 
Vermont  there  are  beds  of  dolomyte  which  pass  into  ensta- 
tite  limestones  and  amphibolytes.  Not  only  is  emery  found 
in  limestones  but  the  amphibolytes  of  the  above  mentioned 
series  are  derived  from  limestones.  The  Pelham  gneiss*  is 
exposed  in  long,  narrow  strips,  extending  north  and  south 
and  lying  to  the  east  of  the  Connecticut  river  in  Pelham 
and  Shuttesbury.  In  this  gneiss  are  dykes  of  a  bronzite- 
olivine  rock  partially  altered  to  serpentine. 

In  this  monograph  Emerson  mentions  the  occurrence 
of  serpentine  in  the  Chester  amphibolyte.  It  enters  Massa- 
chusetts from  Vermont  and  extends  '  southwest  through 
Rowe,  Hampshire,  Hampden,  Blauford,  Granville  and 
Russel  counties  and  dips  below  the  sands  of  the  Westfield 
plain  and  does  not  reappear. 

JVew  Vorf^ — In  1887  Dr.  Williams  published  a  paper  on 
the  serpentine^  in  the  Onondaga  salt  group  at  Syracuse. 
The  exposure  was  situated  on  James  street  but  for  many 
years  has  been  inaccessible.  It  was  noted  in  1837  and  re- 
ported to  Vaunuxem,  the  state  geologist,  who  regarded  it  as 
an  aqueous  deposit.  Dr.  Williams  claims  for  it  an  igneous 
origin  ;^  in  1890  he  published  some  additional  proof  for  his 
view. 

8  In  Essex  county  at  Port  Henry  and  Moriah,  there  is 
serpentine  derived  from  an  altered  dolomyte  and  pyroxene 
limestone.  A  similar  rock  is  found  in  Warren  countv.  Ser- 
pentinc  is  associated  with  limestone  in  St.  Lawrence  county, 
New  York. 

'•'  Serpentine  from  the  vicinity  of  New  York  City  is 
found  at  Rye  and  New  Rochelle  in  West  Chester  county, 

*  Monog^raph   xxix   of   U.    S.    G.    S.  by  B.  K.  EnErsQN, 
t  Am.    Jour.    Sci..   3rd  Ser.,   vol.   34.  p.    137,    "The    Serpentine    of   Syra- 
cuse.  Now   York.  "   by   <J.  U.  v\illiams. 

t  Hull.    Gcol.    Soc.    Am.,    vol.    i.    pn.  595-600. 

^(J.    P.    Mkuhill,  "Stones    for   Building   and    Decoration. " 
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at  Staten  Island  in  New  York  City  and  at  Castle  Point, 
Hoboken,  N.  J. 

t  Mr.  Newland  has  described  all  these  serpentines  and 
believes  that  they  are  derived  from  pyroxenytes  and  peri- 
dotytes.  He  objects  to  J.  D.  Dana's  view  that  the  New 
Rochelle  serpentine  is  derived  from  a  limestone  contain- 
ing intruded  silicates,  t  Mr.  F.  J.  JH.  Merrill  says  that  the 
serpentine  of  New  Rochelle,  is  derived  chiefly  from  amphi- 
bole  and  bronzite  which  are  almost  completely  serpentin- 
ised.  The  rocks  from  which  serpentine  was  derived  were 
amphibolytes  and  other  magnesian  silicate  rocks  intruded 
into  Ordovician  schists.*  Julien  describes  in  detail,  amphi- 
bole  schists,  (pyroxene  schists),  dioryte  schists  and  gneisses 
throughout  Manhattan  island.  The  one  area  of  serpentine 
that  is  of  importance  occupies  a  long  belt  between  West 
Fifty-fourth  and  Sixty-third  streets  from  Tenth  avenue  to 
the  Hudson  river.  It  represents  a  further  alteration  pro- 
duct of  the  hornblende  schists ;  both  are  alterations  of  basic 
igneous  intrusions. 

New  Jersey. — A  different  origin  has  been  proposed  for 
the  deposits  at  Montville,  N.  J.t  Mr.  G.  P.  Merrill  consid- 
ers the  serpentine  to  be  the  result  of  the  alteration  of  a  non- 
aluminous  pyroxene  enclosed  in  a  magnesian  limestone.  At 
Mendham  in  the  same  belt  of  limestone  there  is  found  ser- 
pentine with  a  similar  origin. 

Pennsylvania. — In  Pennsylvania  serpentine  is  found  in 
Northampton,  Bucks,  Montgomery,  Delaware,  Chester  and 

Lancaster  counties,  forming  in  general,  lenticular  areas 
with  a  strike  southwest  and  northeast.  *There  is  an  area 
north  of  Easton  in  Northampton  county  and  small  areas 
along  the  Lehigh  river.  The  Easton  area  occurs  on  the 
southeastern  slope  of  Chestnut  hill.  The  hill  is  composed 
of  prc-Cambrian  gneisses  interstratified  with  beds  of  cal- 

•  New    York    Acad.    Trans.,   vol.    i,  p.   58. 

t  School  of  Mines  Quarterly,  Apr.  1901,  p.  307,  July  1901,  p.  399,  article 
by  D.  H    Newland.  * 

X  Appendix  A.  The  Geologry  of  the  Crystalline  Roxiks  of  Southeastern 
Now  York,  by  F  J.  Merrill,  Reprinted  rfom  the  New  York  State  Mu- 
seum Report.  1896. 

♦  Bull,  .of  Geo.  Soc.  Am.,  vol.  12,  pp.  421-494.  Genesis  of  the  Amphi- 
bole  Schists  and  Serpentines  of  Manhattan   Island,    N.    Y.^    by    alexis    A. 

JULIEX. 

t  Proceed.    U.    S.    Nat.    Mus.,    vol.  xll. 

*  Reprint  from  Annals  N.  Y.  Acad.  Sci.,  val.  xiii.,  No.  6  .pp.  419-430. 
Jan.    14,   lf*<)l.    by    F.    B      Peck. 
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cite  and  dolomite  which  furnish  the  main  source  of  the 
serpentine.  In  Bucks  county  there  are  two  small  serpen- 
tine areas  on  the  west  bank  of  Neshaminy  creek,  which  are 
products  of  the  alteration  of  basic  intrusives.  The  north- 
ern is  associated  with  gabbro  and  the  southern  area  is  in- 
trusive in  the  Wissahickon  mica-gneiss. 

*The  serpentines  of  the  Philadelphia  belt  of  crystalline 
rocks  occur  in  a  series  of  dykes  which  extend  through  Mont- 
gomery county  into  Delaware  and  Chester  counties;  they 
will  be  described  in  detail  later. 

The  so-called  state  line  serpentines  are  a  continuation 
of  one  of  these  dykes.  They  extend  for  sixteen  miles  along 
the  boundary  between  Pennsylvania  and  Maryland,  begin- 
ning in  Chester  county,  at  Little  Elk  creek,  and  extending 
into  Lancaster  county  and  southv/est  into  Cecil  county, 
Maryland.^  These  like  the  other  serpentines  are  altered 
eruptives.t  They  are  associated  with  pyroxenytes  and 
peridotytes  and  -they  represent  the  alteration  product  of 
these  rocks.  From  Cecil  county  westward  through  Har- 
ford* t  and  Baltimore  counties,  southwest  along  the  base 
of  Parrs  ridge,  across  Howard  and  Montgomery  counties  to 
the  Potomac.  They  are  secondary  products  of  both  pyrox- 
enytes and  peridotytes. 

Delaware, — From  the  northeast  corner  of  Delaware, 
extending  southwest  into  Maryland  is  a  belt  of  gabbro  and 
associated  rock  types.^  At  Chestnut  Hill  and  Iron  Hill  the 
peridotyte  is  serpentinised.  In  Delaware  there  is  one  other 
serpentine  area.  It  lies  in  northern  New  Castle  county  east 
of  Red  Clay  creek.  It  is  intrusive  in  the  mica-gneiss  and 
with  it  as  is  frequently  the  case,  are  associated  pegmatytes 
which  may  represent  the  most  acid  phase  of  the  magma  of 
which  the  mother  rock  of  serpentine  is  the  most  basic. 

Virginia., — In  Virginia  W.  B.  Rogers  has  described  ser- 
pentine from  the  soapstone  rocks  of  Nelson*  and  Amherst 
counties. 


•  Bull.    13,    Geo.    Soc.    Amer. 

t  F     D.    CuEHTKR.  Penna.  Geol.  Surv..  Ann.   Rept.,   1887,   pp.  93-106. 
1  Maryland    Geol.    Surv.,    Rept.    of  Cecil   Co.,    F.    B  a  scon. 

•  Am.    Geol.,   July,   1890.    The   Non-Feldspathic      Intrusive     rocks       of 
Maryland,    by   G.    H.    Williahh 

t  These    serpentines    have    been   described  by  Dr.    A.   Johannbbn    in  an 
elaborate    paper    which    has    not    yet  been    published, 
t  Bull.  59,  U.  S.  G.  S.,  1896.  by   Frederick  D.  Chbhter 
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North  Carolina. — +  The  peridotyte  serpentine  belt  of 
North  Carolina  is  scattered  over  an  area  forty  miles  wide. 
For  the  most  part  the  peridotyte  is  fresh  and  its  olivine 
shows  but  slight  alteration  to  serpentine.  South  of 
Waynesville  there  is  only  one  small  area  of  massive  serpen- 
tine but  to  the  north  in  Buncombe,  Madison  and  Yancey 
counties  there  is  much  typical  massive  serpentine. 

XGeorgia — In  Harris  county,  western  Georgia,  Clem- 
ents reports  serpentine-  It  is  derived  from  the  peridotyte 
of  the  belt  which  extends  into  Georgia  from  Carolina  and 
bears  corundum. 5  This  belt  extends  westward  into  ||  east- 
ern Alalama  and  there  contains  serpentine  associated  with 
steatite.  This  is  the  most  southerly  extension  of  the  belt 
of  crystallines  with  which  serpentine  is  associated  and 
which  extends  throughout  the  Atlantic  states. 

There  are  scattered  areas  of  serpentine  in  Texas, 
Minnesota  and  Colorado.  In  the  Cascade  and  Sierra  Ne- 
vada mountains  of  Washington  and  Oregon  and  in  the  coast 
range  of  California,  in  the  Sacramento  valley  and  on  the 
San  Franciscan  peninsula,  serpentine  has  been  described 
and  its  origin  traced  to  pyroxenytes  and  peridotytes. 

The  Serpen tifies  of  the  Philadelphia  Belt, — The  Pied- 
mont belt  of  the  eastern  United  States  lies  between  the  Ap- 
palachian province  to  the  west  and  the  coastal  plain  region 
to  the  east.  It  extends  from  Maine  southwest  to  middle 
Alabama.  Its  surface  is  rolling  with  flat  topped  hills  sepa- 
rated by  deep  cut  valleys.  On  these  hills  is  seen  the  rem- 
nant of  the  Jurassic  peneplain ;  after  this  peneplain  had  re- 
ceived its  load  of  Cretaceous  sediments  and  had  been  raised 
above  sea  level,  streams  began  to  cut  into  the  Cretaceous 
sediments.  They  wore  through  them  and  cut  gorges  into 
the  crystalline  rocks  of  the  Piedmont. 

The  rocks  across  which  the  streams  flow  are  gneisses, 
quartzyte,  marble  and  schists,  closely   folded  and  faulted.. 
They   are   cut   by   eruptives   which    range   widely   in   com- 
position.    There  are  two  belts  of  crystallines  separated  by 
a  cover  of  Triassic  sandstone. 


♦  Geology    of    the    Virginias,    188^1,     W.  B.  Pooeks,     p.   296-297. 
t  Geol.   Siirv.  of  N.   Car..  1896,  Bull.  11,  by  Lewis. 
1  Pull.   5,   Alabama   Surv. 

§  Bull.   2,  Geol.  Surv.  Georgia,  on  Corundum  Deposits. 
I,  Bull.   5.  Alabama  Surv.,  by  Alfred  Brooks. 
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In  the  southeastern  belt,  the  oldest  rock  is  the  Balti- 
more gneiss  of  pre-Cambrian  age.  It  is  composed  of  li^ht 
bands  of  quartz  and  feldspar  alternating  with  dark  horn- 
blendic  layers,  closely  folded  and  contorted.  This  rock  to- 
gether with  gabbro  forms  Buckridge  and  strikes  northeast 
and  southwest,  separating  the  Cambro-Silurian  series  of 
quartzyte,  limestone  and  mica-schist  from  the  Wissahickon 
mica-gneiss  to  the  southeast.  Unconformably  overlying  the 
Baltimore  gneiss  is  the  Chickies  quartzyte,  a  thinly  bedded 
crystalline  rock  full  of  sericite,  which  gives  it  a  buflf  to 
green  color  and  a  schistose  character.  This  resistant  rock 
forms  the  ridge  of  the  north  Chester  valley  hills.  To  the 
south  of  these  hills  is  the  limestone  of  the  Chester  vallev. 
It  is  a  magnesian  limestone  of  Cambro-Silurian  age  and  it 
grades  upward  into  the  Hudson  River  mica-schist,  which 
caps  the  south  Chester  valley  hills.  The  mica-schist  is  a 
schistose  rock  composed  of  mica  and  quartz;  the  quartz 
is  present  in  lenses  about  which  the  mica  is  bent. 

The  age  of  the  Wissahickon  mica-gneiss  has  not  yet 
been  fully  worked  out.  The  rock  is  silvery  gray  in  color, 
with  alternating  schistose  and  gneissic  bands.  Abundant 
mica  shows  on  the  cleavage  planes  and  quartz  and  feld- 
spar on  planes  at  right  angles  to  the  cleavage. 

The  Triassic  cover  of  red  sandstone  and  shale  still  re- 
mains over  a  portion  of  the  Piedmont  plateau.  Contem- 
poraneous with  the  deposition  of  the  Triassic  beds  was  a 
flow  of  basalt  and  an  intrusion  of  diabase  extending  from 
Connecticut  to  Virginia.  In  Pennsylvania  this  resulted  in 
a  series  of  diabase  dykes  which  extend  southwest  through 
the  plateau. 

The  older  igneous  rocks  are  more  abundant  in  the  re- 
gion. There  was  a  period  of  post-Ordovician  and  pre- 
Triassic  activity  which  assisted  the  forces  of  regional  me- 
tamorphism  in  altering  the  sedimentary  Palaeozoic  and  pre- 
Pala^ozoic  rocks.  The  igneous  material  is  granite  and 
gabbroitic,  the  main  mass  is  gabbro  which,  in  the  vicinity  of 
Philadelphia  is  intruded  into  the  Baltimore  gneiss  and  mica- 
gneiss.  The  rock  is  either  an  augite,  or  hypcrsthene-gabbro 
penetrated  l\v  dykes  of  pcridotytes  or  pyroxenytes. — It  is 
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these  ultra  basic  rocks  which  furnish  the  original  material 
from  which  the  serpentine  is  derived. 

*  The  serpentines  of  the  Philadelphia  belt  occur  as 
dykes,  intrusive  in  the  mica-gneiss  and  Baltimore  gneiss 
and  strike  southwest  and  northeast. 

They  may  be  grouped  into  four  dykes,  each  composed 
of  a  series  of  non-continuous  outcrops  extending  southwest 
from  near  the  Schuylkill.  They  form  prominent  ridges 
which  are  covered  but  scantily  with  soil  and  which  are 
characterised  often  by  a  growth  of  cedar  trees. 

The  southeast  dvke  is  intrusive  in  the  Wissahickon 
mica-gneiss  and  extends  from  Chestnut  Hill  southwest  to 
one  mile  east  of  Bryn  Mawr  station.  The  dyke  as  exposed 
at  Lafayette  is  typically  a  grayish  green  soapstone.  At 
Black  Rock  quarry  the  serpentine  is  a  grayish  green  rock 
mottled  with  large  dark  green  olivine  crystals;  specimens 
have  been  found  in  which  are  large  cross  twins  of  ser- 
pentinised  olivine.  Under  the  microscope  the  mass  of  the 
rock  is  steatite,  appearing  with  crossed  nicols  as  brilliantly 
polarising  scales.  The  steatite  is  considered  to  be  an  alter- 
ation product  both  of  an  original  pryoxene  and  of  the  ser- 
pentine which  it  penetrates.  The  olivine  present  is  altered 
only  along  the  periphery  and  cracks  and  cores  of  it  still 
remain.  In  addition  the  rock  contains  very  abundant  cal- 
cite  and  magnetite. 

The  rock  is  an  altered  peridotyte  whose  original  con- 
stituents are  olivine  and  pyroxene  which  have  altered  to  ser- 
pentinised  talc  and  the  by-products  which  accompany  ser- 
pentinisation.  Along  the  contact  of  the  dyke  with  the  mica- 
gneiss  there  has  been  formed  chlorite-schist,  a  green  schis- 
tose rock  composed  of  chlorite  with  needles  of  hornblende. 

The  second  dyke  lies  to  the  northwest  of  the  first  and  is 
intrusive  in  the  AVissahickon  mica-gneiss  close  to  the 
boundary  between  it  and  the  Baltimore  gneiss.  The  dyke 
shows  an  exposure  east  of  the  Schuylkill.  From  Lafayette 
on  the  west  side  of  the  river  it  extends  southwest  with  al- 
most continuous  outcrops  to  Delaware  county  where  it 
widens  out  considcrablv.     The  rock  is  verv  similar  to  that 
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of  the  dyke  just  described.  In  microscopic  section  it  shows 
serpentine  altered  from  olivine  and  secondary  tremolite  and 
anthophyllite  partially  altered  to  serpentine.  Enstatite 
may  be  present  fresh  or  unaltered.  Talc,,  calcite  and  mag- 
netite occur  in  abundance.  From  the  fresh  structure  seen 
under  the  microscope  and  the  presence  of  olivine  in  various 
stages  of  alteration  to  serpentine  the  original  rock  is  de- 
cided to  be  a  peridotyte. 

The  third  dyke  shows  one  exposure  in  Montgomery 
county.  On  the  edge  of  the  gabbro  area,  along  Arrowmink 
creek.  A  second  exposure  known  as  Castle  Rock,  is  situated 
in  Delaware  county  near  Edgemont.  It  is  an  example  of 
serpentine  resulting  from  the  alteration  of  a  pyroxenyte. 
The  rock  is  medium  grained  and  dark  green,  composed  of 
fibrous  tremolite,  augite,  enstatite  and  talc.  The  original 
pyroxenes  are  augite  and  enstatite  while  tremolite  is  a  nec- 
essary product.  All  three  minerals  show  alteration  to  talc 
which  pierces  them  in  all  directions.  This  description  ap- 
plies to  a  specimen  obtained  from  the  center  of  the  mass; 
in  an  outlying  portion  the  rock  is  almost  completely  ser- 
pentinised  and  is  a  dense,  massive,  green  serpentine  of  uni-» 
form  character.  The  rectangular  cleavage  of  augite  out- 
lined by  iron  oxide  can  be  seen  in  the  serpentine. 

The  outcrop  of  the  fourth  dyke  extends  sporadically 
from  Guelph  Mills,  in  Montgomery  county  southwest  into 
Chester  county.  Three-fourths  of  a  mile  south  of  Paoli  the 
dyke  gives  rise  to  a  barren  ridge  which  is  a  distinct  topo- 
graphic feature  for  ten  miles  to  the  southeast.  The  rock 
south  of  Paoli  is  a  light  yellowish  green  serpentine  very 
massive  in  character  and  yet  under  the  microscope  showing 
evidence  of  alteration  from  olivine  and  in  a  small  part  from 
a  pyroxene. 

A  study  of  the  field  relations  and  microscopic  sections 
of  the  serpentines  of  the  Philadelphia  belt  shows  that  they 
are  seconrlary  to  j)yroxenytes  and  peridotytes  which  they 
have  in  a  large  measure  replaced.  Such  an  origin  has 
been  ascribed  to  the  greater  part  of  the  serpentines  of  the 
world  and  it  is  only  in  a  few  cases  that  they  have  been  re- 
garded as  sec(jn(lary  products  of  sedimentary  rocks. 
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AN    EXPLANATION     OF    THE    PHENOMENA    SEEN     IN    THE 
BECKE  METHOD  OF  DETERMINmG  INDEX 

OF  REFRACTION.* 

By  W.  O.  HoTCHKiss,  Madison,  Wis. 

In  the  identification  of  minerals  in  rock  sections  the 
method  of  procedure  is  always  the  determination  of  the  fixed 
physical  properties.  Among  these  constants,  the  ones 
which  are  ordinarily  employed  on  account  of  their  easy  de- 
termination are  the  index  of  refraction,  birefringence,  posi- 
tive or  negative  character,  orientation  of  the  plane  of  the 
optic  axes,  and  angle  of  the  optic  axes.  Cleavage  and  ex- 
tinction angles  are  also  useful  when  the  orientation  of  the 
section  can  be  ascertained  with  any  degree  of  certainty. 
Among  these  properties  the  refractive  index  and  the  bire- 
fringence are  probably  known  for  the  widest  range  of  min- 
erals and  are  therefore  most  useful.  The  latter  is  readily 
determined  by  the  method  described  by  L.  V.  Pirsson  and 
H.  H.  Robinson.t  The  former  is  measured  bv  the  method 
of  Count  von  Chaulnes  (see  Rosenbusch-Iddings  for  de- 
scription of  method)  and  by  the  Becke  method.  The  first 
method  gives  the  numerical  index  but  is  clumsy  and  inaccu- 
rate ;  the  latter  merelv  indicates  whether  the  index  is 
higher  or  lower  than  that  of  the  contiguous  medium,  but 
it  is  easily  applied  and  is  so  delicate  that  differences  in  re- 
fractive index  of  .001  have  been  observed  by  the  originator 
of  the  method.  The  extreme  usefulness  of  the  Becke 
method  led  the  writer  to  endeavor  to  find  a  more  detailed 
explanation  of  the  phenomena  observed.  The  construction, 
given  below,  it  is  believed,  will  satisfactorily  explain  all  the 
phenomena. 

Let  us  assume  A  B,  in  fig.  i,  to  be  a  cross-section  of 
two  minerals  with  indices  of  1.50  and  1.70  respectively, 
whose  plane  of  contact  is  represented  by  the  line  C  D  and  is 
perpendicular  to  the  page.  Then  if  the  section  be  in  a  mi- 
croscope arranged  to  give  convergent  polarized  light  the 
convergent  rays  will  come  from  below  and  the  objective  lie 
above  the  cross-section  as  shown.     Ray  i  is  refracted  so  as 


•ITobor   die    Bostimmbarkolt    der   Gestt'insgremengrlhelle,    besonders    der 
plagioklnse  auf  Grund  Ihn^s  LIchlbrechunersvermttgrpns,     Sitzungsb.  k.  Akad. 
WisH.  Wi<>n.  Matheni — natur\\'.  Classe.  Bd.  CII.  Abth.  I.  Juli,  1893,  pp.  358- 
:ilS.     See  also  Roa«^nbusch-IddIng^,  aopondlx. 
f-  A.   J.   S.,  4th  Ser.,  vol.   x,  pp.  260-265,    1900. 
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to  meet  the  plane  between  the  two  media  at  the  point  n,  at 
a  distance  above  the  point  x  of  1.87  times  the  length  x-y. 
Ray  2  meets  it  at  m,  a  distance  equal  to  1.56  times  x-y. 
Rays  3  and  4,  since  B  has  higher  index,  are  refracted  to  meet 
the  plane  at  points  m'  and  n',  higher  than  the  similar  rays 
in  A,  or  at  distances  above  y  of  i  .76  and  2.18  times  x-y,  re- 
spectively. 

At  the  surface  of  contact  between  A  and  B  the  critical 
angle  is  62°  10'  and  so  all  rays  incident  on  y-z  from  B  at  an 
angle  greater  than  62°  10'  are  totally  reflected  back  into  B. 


On  the  other  hand,  a  portion  of  the  light  from  A  incident 
upon  y-z  is  refracted  into  B.  The  ratio  between  the  amount 
reflected  and  the  amount  refracted  depends  upon  several 
factors.  In  proportion  as  the  contact  surfaces  of  A  and  B 
are  highly  polished,  more  light  is  reflected  and  less  refract- 
ed ;  as  the  angle  of  incidence  increases  more  light  is  re- 
flected and  less  refracted;  and  as  the  diflFerence  in  the  in- 
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dices  increases  the  amount  of  light  reflecfed  becomes 
greater.  Since  the  contact  surface  of  minerals  in  rocks  is 
seldom  smooth  the  tendency  is  for  a  large  part  of  the  light 
from  A  to  be  refracted  into  B,  and  the  condition  obtains  as 
shown  in  the  figure, — that  for  a  certain  vertical  distance 
along  the  contact,  approximately  equal  to  mn',  nearly  all 
the  light  will  be  on  side  of  the  mineral  having  the  higher  in- 
dex. If  the  objective  of  our  microscope  is  focused  within 
this  vertical  distance  a  band  of  light  will  be  seen,  if  it  is 
raised  the  band  will  be  seen  to  broaden,  as  is  evident  from 
the  directions  of  the  refracted  and  totally  reflected  rays.  If, 
on  the  other  hand,  the  objective  is  lowered,  the  band  be- 
comes narrower  and  finally  is  brighter  on  the  side  of  the 
mineral  of  lower  index.  This  is  explained  by  the  fact  that 
the  light  in  A,  which  is  approximately  the  same  in  amount 
as  that  in  B  at  this  distance  above  the  base  of  the  section, 
is  concentrated  in  a  band  of  w^idth  mr  which  is  shorter  than 
ms  and  will  therefore  show  greater  intensity.  As  the  objec- 
tive is  lowered,  the  bright  band  in  A  and  the  less  bright  one 
in  B  broaden  out. 

If  rays  from  B  are  incident  upon  y-z  at  an  angle  less 
than  the  critical  angle  (62°  10'  in  the  case  illustrated),  they 
will  not  be  totally  reflected  but  will  partly  pass  through 
into  A.  If  there  is  suflficient  light  thus  refracted  a  bright 
band  will  be  seen  in  A  as  well  as  in  B  when  the  objective  is 
raised.  It  is  important  therefore  to  diaphragm  the  light 
entering  the  condensing  system  to  such  an  extent  that  all 
the  light  from  B  is  totally  reflected  at  the  contact  surface. 
This  increases  the  relative  brightness  of  the  band  seen  in  B. 

Computations  of  the  different  values  of  the  distances 
from  y  to  m  and  n  were  made  for  other  indices  besides  the 
two  figured.  The  angles  of  incidence  of  the  four  converg- 
ing rays  were  taken  as  45°  and  20°  as  in  the  figure  and  the 
distance  from  x  to  y  was  taken  as  imity. 

It  is  evident  from  this  table  that  the  distance  from  n  to 
n'  (see  fig.  i)  is  quite  within  the  range  of  observable  quan- 
tities even  for  slight  diflFerences  in  index  of  refraction.  The 
lengths  of  yn  and  ym  for  indices  of  i  .54  and  i  .56  were  com- 
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Index 

Angles  of  refraction  for 
Incidence  of 

y  n 

y  m 

Diff. 
(n-m) 

45°                      20° 

1.50 

1.54 

1.56 

1.60 

1.70   • 

2.00 

28°  10' 
27°  20' 
27°     0' 
26°  10' 
24°   40' 
20°  40' 

13°   10' 
12°   50' 
12°   40' 
12°   20' 
11°   40' 
9°   50' 

1.87 
1.93 
1.96 
2.04 
2.18 
2.65 

1.56 
1.60 
1.62 
1.66 
1.76 
2.10 

.31 

.33 

.34 

.38 

.42      ' 

.55 

puted  with  this  in  mind.  In  these  yn  for  1.54  is  .03  less 
than  for  i  .56.  If  these  figures  are  reduced  so  as  to  be  com- 
parable with  the  thickness  of  microscope  sections,  the  dif- 
ference in  a  section  of  .030  mm.  thick  would  be  about 
.0005  mm. — a  magnitude  which,  though  hard  to  measure 
accurately,  is  easily  observed. 

The  difference  between  ym  and  yn  bears  a  fairly  con- 
stant ratio  to  yn  for  the  common  range  of  indices — being 
about  one-sixth.  This  in  a  slide  .030  mm.  thick  would  be 
.005  if  yn  be  taken  as  the  thickness  of  the  plate.  This 
magnitude  (005)  is  about  the  average  change  in  focus  neces- 
sary to  cause  the  bright  band  to  shift  from  one  side  of  the 
contact  to  the  other.  Within  this  distance  the  light  coming 
from  the  side  having  the  greater  index  is  totally  reflected, 
while  from  the  other  side  the  larger  part  is  refracted  at  the 
contact.  Therefore  the  focus  must  be  changed  through  a 
distance  of  this  order  of  magnitude  in  order  to  show  the 
band  on  o])posite  sides. 

The  application  of  this  method  of  determining  relative 
index  of  refraction  is  very  simple.  If  the  instrument  used 
is  not  provided  with  a  diaphragm  below  the  condensing 
lense,  the  hand  may  be  used  to  shade  the  mirror,  thus  cut- 
ting off  part  of  the  light.  As  a  matter  of  experience  it  is 
found  that  the  hand  is  used  quite  as  frequently  as  the  dia- 
phragm by  one  accustomed  to  the  method.  The  fact  that 
as  the  objective  is  raised  the  light  band  goes  to  the  side  of 
the  higher  index  and  vice  versa  provides  a  simple  memory 
rule — focus  high,  band  on  side  of  higher  index;  focus  low, 
band  on  side  of  lower  index. 

Department  of  Geology, 

Vniversitv  of  Wisconsin. 
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EDITORIAL  COMMENT. 


CONSOLIDATION  OF  THE  GEOLOGIST  WITH  ECONOMIC  GEOL- 
OGY. 

It  is  announced  among  the  advertisements  of  this  issue 
of  the  American  Geologist  that  the  Geologist  will  be  con- 
solidated, after  January  i,  1906,  with  the  new  journal. 
Economic  Geology  and  the  facts  of  interest  to  subscribers 
are  there  treated.  It  remains  to  make  further  comment  from 
the  editor's  standpoint. 

When  the  American  Geologist  was  started(  1888)  there 
was  no  distinctively  geological  journal  in  America,  and  the 
Geological  Society  of  America  had  not  yet  been  organized. 
The  United  States  Geological  Survey  was  in  a  transitional 
stage.  Geology  in  America  was  represented  in  the  Interna- 
tional Congress  of  Geologists  by  a  number  of  delegates  from 
the  American  Association  for  the  Advancement  of  Science. 
If  American  geology  found  any  means  of  expressing  itself 
its  voice  was  likely  to  be  muffled  by  passing  through  non- 
sympathetic  agencies. 

These  things  have  changed.  The  science  is  not  only 
more  independent  and  urgent  in  the  presentation  of  its  in- 
terests, but  has  come  into  recognition  more  and  more  as  an 
element  in  modern  civilization  which  needs  to  be  cared  fot, 
as  well  as  a  producer  and  safe-guard  of  a  large  share  of  the 
wealth  and  comfort  of  the  nation. 

The  aspect  of  American  geology,  as  expressed  in  the 
purposes  and  publications  of  the  various  geological  surveys, 
has  changed  within  the  past  18  years.  Time  was  when  the 
director  of  the  United  States  Geological  Survey,  in  its  ex- 
tension over  the  older  states  of  the  Union,  defined  the  sphere 
of  that  survey  to  be  the  study  and  publication  of  paleonto- 
lo^ical  and  structural  problems,  united  with  the  mapping  of 
the  nation's  domain,  leaving  for  the  various  state  surveys 
the  investigation  of  economic  subjects.  Within  a  few  years, 
however,  the  economic  features  of  the  United  States  Survev 
have  expanded  enormously-  The  efficiency  of  the  survey 
and  the  judiciousness  of  its  expenditures  have  won  from 
Congress  larp^cr  and  larger  sums  of  money,  and  have  led  to 
the  extension  of  its  activities  over  wider  and  wider  fields  of 
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research.  The  various  state  surveys  have  also  devoted  their 
energies  more  fully  to  the  question — how  to  make  the  sur- 
vey immediately  useful.  Pure  science,  excepting  so  far  as 
it  is  prompted  and  promoted  by  the  search  for  the  useful, 
has  been  less  in  evidence  in  the  state  reports. 

In  volume  14  of  the  Geologist  (p.  186)  in  an  editorial 

are  the  following  words : 

"It  is  not  too  much  to  say  that  to  the  miner,  and  hence  to  the 
mining  industry,  geology  must  look  for  most  of  its  future  progress, 
at  least  in  the  United  States.  In  Canada  the  economic  side  of  geolo- 
gy has  always  been  put  to  the  front,  and  systematic  geology  has 
been  comparatively  neglected.  The  reverse  has  been  the  case  in 
the  United  States.  The  example  of  New  York  State,  which  has  en- 
tirely neglected,  officially,  its  economic  resources,  and  has  spent 
much  upon  the  technical  and  paleontologic  aspects  of  geological 
science,*  has  been  followed  by  too  many  of  the  state  surveys,  and 
too  closely  by  the  United  States  Survey.  Economic  geology  has 
made  headway  in  spite  of  this  indifference.  Speculative  and  tech- 
nical geology  has  had  the  field  for  many  years,  but  it  becomes  more 
and  more  apparent  that  room  must  be  made  for  an  extension  of  that 
phase  of  the  science  which  directly  concerns  the  greatest  number 
of  people." 

The  present  witness ifs  the  greatest  expansion  of  the 
mining  industry  known  to  our  history.  It  is  in  the  flood 
of  this  movement  that  the  American  Geologist  is  consoli- 
dated with  the  new  journal  which  is  to  be  more  closely 
linked  with  economic  geology. 

In  looking  over  the  published  plans  and  purposes  of  the 
editors  of  the  Geologist,  the  editors  are  constrained  to  admit 
that  not  all  of  their  plans  and  promises  have  been  accom- 
plished :  but  it  is  with  no  feeling  of  regret  or  apology  that 
they  see  some  of  their  announced  i)lans  and  hopes  still  un- 
realized. Some  of  the  editors  who  evolved  those  plans  have 
died,  and  new  editors  have  substituted  other  contributions, 
which  were  probably  equally  within  the  scope  of  the  journal. 

We  had  aimed  to  issue  short  biographical  sketches  of 
all  deceased  American  geologists,  but  in  some  notable  in- 
stances our  efforts  have  failed.  Seventv  such  sketches  have 
been  published  in  the  Geologist.  We  have  had  corres- 
pondence to  this  end     concerning     Lieber,  Little,  Rogers, 

•  Tn  the  r<^ori?anlzalion  of  the  New  York  Geological  Survey,  in  1903. 
there  has  been  made  provisions  for  the  investigation  and  report  on  the 
economic  geology  of  the  state. 


Editorial  Comment,  311 

Marcou,  Gesner,  King,  Vanuxem,  Alexander,  Percival^ 
Brooks,  Eames,  and  others,  and  have  gathered  some  un- 
arranged  data.  It  is  to  be  hoped  that  these  efforts  may  be 
pushed  by  some  one  to  future  fruition.  There  is  no  better 
place  to  preserve  the  personality  and  the  record  of  the  scien- 
tific labors  of  geologists  than  in  a  sympathetic  geological 
journal.  This  has  been  (or  had  been)  neglected  in  the 
United  States. 

In  laying  down  the  active  and  responsible  management 
of  the  journal  the  editors  revert  to  the  record  of  the  past  18 
vears  with  satisfaction.  Thev  are  sure  that  on  the  whole 
the  influence  of  the  published  volumes  has  been  wholesome. 
They  fill  a  niche  in  the  passing  history  of  geology  in  Amer- 
ica which,  they  trust,  will  be  consulted  with  profit  by  the 
future  student.  The  years  1888  to  1906  have  been  crowded 
with  important  geological  research  and  with  improvements 
in  the  methods  of  geological  work,  and  the  American  Geol- 
ogist has  contributed  its  quota  to  the  progress  that  is  so 
apparent-  The  editors  wish  to  express  their  warmest 
thanks  to  the  contributors  who  have  co-operated  with  them, 
and  to  bespeak  for  the  new  editors  the  same  cordial  co- 
operation. ^'-  ^^'  ^• 

The  first  few  vears  the  Geologist  was  maintained 
with  financial  loss  to  the  editors.  Not  counting  anything 
for  expense  of  editorial  management,  the  Geologist  has 
been  self-sustaining  for  about  ten  years,  and  for  the  last 
five  or  six  years  there  h'as  been  a  surplus  of  a  few  hundred 
dollars  annually  above  actual  expenses,  the  largest  annual 
surplus  having  been  $542.  The  sole  reason  for  surrender- 
ing this  charge  is  the  desire  on  the  part  of  the  managing 
editor,  with  advancing  years,  to  find  time  for  some  other 
contemplated  work-  The  GEOLOGIST,  as  a  journal  was 
never  in  as  good  condition  as  at  the  present  time. 
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REVIEW  OF  RECENT  GEOLOGICAL 

UTERATURE. 


The  secondary  origin  of  certain  granites,     R    A.  Daly.     (Am.  Jour. 

Sci.,  vol.  20,  Sept.  1905.) 

This  paper  throws  much  light  on  the  manner  of  origin  of  cer- 
tain acid  igneous  rocks.  In  the  prosecution  of  the  survey  of  the 
international  boundary  between  Canada  and  the  United  States,  in 
the  region  between  Port  Hill,  Idaho  and  Gateway,  Montana,  are 
found  enormous  thicknesses  of  quartzytes  associated  with  arglllytes. 
Dr.  Daly  here  found  numerous  sills  of  gabbro  lying  parallel  in  the 
strata,  some  of  the  sills  having  a  thickness  of  2,500  feet,  while  the 
sedimentary  rocks  afford  a  total  of  about  20,000  feet  of  bedding 
exposed  to  geological  study.  The  sedimentary  rocks  are  divided 
into  Creston  quartzyte  (at  the  bottom),  the  Kitchener  quartzyte 
and  the  Moyie  argillyte. 

The  sills,  where  in  their  present  normal  condition,  were  found 
to  consist  of  hornblende  gabbro,  with  some  accessory  quartz,  titanite, 
biotite,  and  a  little  orthoclase.  While  this  is  not  a  gabbro  it  is 
assumed  by  the  author  to  be  the  primary  Intrusive  magma  that 
entered  the  sedimentaries.  These  accessories  increase  as  the  rock 
varies  from  its  original  composition  in  the  vicinity  of  the  planes  of 
•contact  with  the  sedimentary  rocks,  especially  the  orthoclase, 
quartz  and  biotite,  accompanied,  also,  by  microperthlte.  There  is, 
further,  a  variation  in  the  structural  relations.  The  quartz  becomes 
poikilitic  to  all  the  other  constituents  except  the  orthoclase  and 
the  microperthlte,  and  with  these  it  forms  a  mlcrographlc  inter- 
growth. 

These  phenomena  are  most  marked  in  the  greatest  sills,  the 
largest  being  denominated  the  Moyie  sill,  rather  more  than  2500 
feet  in  thickness.  While  the  quartzytes  have  been  thoroughly 
metamorphosed,  and  especially  feldspathized,  near  the  sill,  the 
gabbroid  rock  has  been  more  profoundly  altered.  This  alteration 
is  most  extensive  along  the  upper  contact  of  the  sill,  where  the 
hornblendes  afe  obliterated  and  in  the  place  of  labradorite  is  the 
feldspar  andesine.  Biotite  is  much  increased  in  amount  and  soda- 
orthoclase  also  occurs,  along  with  much  quartz;  microperthlte, 
micropegmatyte,  calcite,  muscovite  and  epldote  are  also  found  along 
the  contact.  At  fifteen  feet  from  the  upper  contact  hornblende  is 
still  wanting.  The  same  is  true  of  labradorite;  oligoclase  is  1.0  per 
cent,  soda-bearing  orthoclase  is  32.5  per  cent  and  quartz  41  per 
cent.  There  is  also  muscovite  and  tltaniferous  magnetite.  At  50 
feet  frcm  the  upper  contact,  while  hornblende  and  labradorite  are 
still  wanting,  oligoclase  constitutes  1.5  per  cent  and  orthoclase  24.9 
per  cent.  Quartz  is  here  57.  per  cent,  and  calcite  2.5  per  cent.  At 
200  feet  from  the  same  contact  hornblende  is  49.4  per  cent,  biotite  is 
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22.  per  cent,  andesine  is  1G.5  per  cent,  oligoclase  and  soda-bearing, 
orthoclase  are  wanting  and  quartz  is  11.7  per  cent.  This  variation 
continues  to  diminish  toward  the  body  of  the  sill  until  the  endo- 
morphic  alteration  fades  out  into  the  normal  sill  rock. 

The  rock  at  15  feet  from  the  upper  contact  belongs  to  the  gran- 
ite family.  Toward  the  sill  the  rock  varies  more  and  more  to- 
ward the  gabbro  type  and  toward  the  contact  the  variation  is  more 
and  more  toward  granophyre  granite.  Xenoliths  from  the  quartzyte 
present  the  same  zones  of  metamorphism. 

The  author  calls  attention  to  similar  cases  of  profound  altera- 
tion at  contacts  of  basic  intrusives  on  siliceous  clastic  rocks  in 
Minnesota  and  in  Ontario,  viz:  at  Pigeon  point  and  at  Sudbury, 
where  have  been  described  granitic  and  intermediate  rocks  resulting: 
from  such  contact,  acting  themselves  as  igneous  rocks  and  forming 
characteristic  intrusions  in  the  manner  of  dikes. 

These  phenomena  are  regarded  by  the  author  as  demonstrating 
the  assimilation  theory  at  the  points  discussed.  In  his  synthetic 
discussion  he  makes  the  following  remarks: 

"The  secondary  origin  of  granite  has  long  been  maintained  by 
N.  H.  Winchell  who  has  referred  to  the  Pigeon  Point  case  as  among 
others,  demonstrating  the  fact.*  Bayley  came  to  the  same  belief 
for  the  granite  and  granophyre  of  the  point  but  he  did  not  extend  his 
argument  in  detail  to  cover  other  occurrences  among  the  .Minne- 
sota intrusives.  On  the  other  hand  the  principle  has  not  been  ac- 
cepted as  applying  to  these  localities  even  by  Van  Hise  whose  rare 
knowledge  of  Lake  Superior  geology  must  give  his  opinion  excep- 
tional weight.!  Even  the  latest  text  books  of  geology  give  most 
inadequate  treatment  of  the  doctrine  though  it  refers  to  one  of  the 
most  important  problems  in  the  whole  field  of  geology.  Doubtless 
the  majority  of  petrologists  are  to-day  unfavorable  to  the  assimila- 
tion theory  of  granite  and  its  relatives  except  as  it  api^es  to  a 
very  limited,  in  point  of  volume  insignificant,  modification  of  cer- 
tain magmas  at  their  contacts. 

"Van  Rise's  chief  argument  against  the  contact  origin  of  the 
Pigeon  Point  granite  emphasizes  the  fact  that  that  rock  has  not 
the  chemical  composition  either  of  the  sedimentary  formation  or 
(as  especially  shown  in  the  surplus  of  alkalies  and  the  deficiency  of 
iron  in  the  granophyre  granite)  of  a  direct  mixture  of  gabbro  and 
sediments.^  The  much  quoted  argument  of  Brogger  with  refer- 
ence to  the  Norwegian  granites  is  based  on  a  similar  fact.§  Many" 
other  writers  have,  on  a  similar  ground,  excluded  contact  assimila- 
tion as  playing  any  considerable  part  in  the  formation  of  abyssal  or 
hypabyssal  magmas. 

"In  practically  every  case  the  opponents  of  the  assimilation, 
theory  have  treated  of  the  assimilation  as  essentially  a  static  phe- 

*  Final   Report,  Minnesota  Geolo^rical  Survey,  vol.   5,  p.  62,  etc.,   1900. 

t  Monograph   47,   IT.   S.   Geol.   Sur.,    1904.   pp.   730-733. 

t  Op.  clt..  p.  733. 

5  Die  Eruptivgestelne  de.s  Cliri.stianiagebietes.     Pt.   2.   1895,  p.   130. 
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nomenon.  Each  interpretation  of  field  facts  has  been  phrased  in 
terms  of  magmatic  differentiation  versus  magmatic  assimilation  as 
explaining  the  eruptive  rocks  actually  seen  on  the  contacts  dis- 
cussed. Nothing  seems  more  probable,  however,  than  that  such 
rocks  are  often  to  be  referred  to  the  compound  process  of  assimila- 
tion accompanied  and  followed  by  magmatic  difterentiation.  The 
chemical  compositibn  of  an  intrusive  rock  at  a  contact  of  magmatic 
assimilation  is  thus  not  simply  the  direct  product  of  digestion.  It 
is  the  net  result  of  re-arrangements  brought  about  in  the  com- 
pound magma  of  assimilation.  In  the  magma,  intrusion  currents, 
convection  currents  and  the  currents  set  up  by  the  sinking  or  rising 
of  xenoliths  must  take  a  part  in  destroying  any  simple  relation  be- 
tween the  chemical  constituents  of  the  intrusive  and  the  invaded 
formations.  Still  more  effective  may  be  the  laws  of  difterention 
4n  a  magma  made  heterogeneous  by  the  abson^tion  of  foreign  mate- 
rial which  is  itself  generally  heterogeneous.  The  formation  of 
•eutectic  compounds  or  mixtures,  the  development  of  density  strati- 
fication, and  other  causes  for  the  chemical  and  physical  resorting 
of  materials  in  the  new  magma,  ought  certainly  to  be  regarded  as 
•of  powerful  effect  in  the  same  sense." 

The  author  mentions  other  defects  in  the  arguments  usually 
launched  against  assimilation,  and  concludes  as  follows: 

*'In  the  foregoing  discussion  the  secondary  origin  of  some  gran- 
ites has  been  deduced  from  the  study  of  intrusive  sills  or  sheets; 
but  it  is  evidently  by  no  means  necessary  that  the  igneous  rock 
body  should  have  the  sill  form.  The  wider  and  more  important 
question  is  immediately  at  hand — does  the  assimilation-differentia- 
tion theory  apply  to  truly  abyssal  contacts?  Do  the  granites  of 
stocks  and  batholiths  sometimes  originate  in  a  manner  similar  or 
analogous  to  that  just  outlined  for  the  sills? 

"The  writer  has  briefly  noted  general  reasons  affording  affirma- 
tive answers  to  these  questions.* 

"Gabbro  and  granophyre  are  often  characteristically  associated 
at  various  localities  in  the  British  islands  as  in  other  parts  of  the 
world.t  The  field  relations  are  not  there  so  simple  as  in  the 
case  of  the  Movie  sill,  for  example,  but  otherwise  the  occurrence  of 
many  common  features  among  all  these  rock  associations  suggests 
the  possibility  of  extending  the  assimilation-differentiation  theory 
to  all  the  granophyres.  Harker's  excellent  memoir  on  the  gabbro 
and  granophyre  of  the  Carrock  Fell  district,  England,  shows  re- 
markable parallels  between  'laccolite  rocks'  and  those  of  Minne- 
sota and  Ontario.t 

"At  Carrock  Fell  there  is  again  a  commonly  recurring  transi- 
tion from  the  granophyre  to  true  granite,  and  again  the  granophyre 
is  a  peripheral  phase.     Still  larger  bodies  of  gabbro,  digesting  acid 


•Am.  Jour.  Sci..  vol.  15.  19«i;?.  p.  269:  vol.  16.  1903,  p.  107. 
t  See  A.  Geikie.  Ancient  volcanoes  of  Great  Britain,  1897. 
j  yuan.  Jour.  Geol.  Soc,  vol.  50,  1894.  p.  311,  and  vol.  51,  1895,  p.  125. 
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sediments  yet  more  energetically  than  In  the  intrusive  sheets, 
and  at  still  greater  depth,  would  yield  a  thoroughly  granular  acid 
rock  as  the  product  of  that  absorption  with  the  consequent  differ- 
entiation. This  does  not  imply,  of  course,  that  all  granites  are  of 
this  origin,  but  it  is  quite  possible  that  most  intrusive  granites  are 
either  of  this  origin  or  have  been  more  or  less  modified  through 
assimilation. 

"The  diflaculty  of  discussing  those  questions  is  largely  owing  to 
the  absence  of  accessible  lower  contacts  in  the  average  granite  body. 
All  the  more  valuable  must  be  the  information  derived  from  intru- 
sive sills.  The  comparative  variety  of  such  rock  relations  as  are 
described  in  this  ipaper  does  not  at  all  indicate  the  exceptional 
nature  of  the  petrogenic  events  signalized  in  the  Moyie,  Pigeon 
Point  or  Sudbury  intrusives.  It  is  manifest  that  extensive  assimi- 
lation and  differentiation  can  only  take  place  in  sills  when  the  sills 
are  thick,  well  buried,  and  originally  of  high  temperature.  All 
these  conditions  apply  to  each  case  cited  in  the  present  paper.  The 
phenomena  described  are  relatively  rare  largely  because  thick  basic 
sills  cutting  acid  sediments  are  comparatively  rare. 

"On  the  other  hand,  there  are  good  reasons  for  believing  that  a 
sub-crustal  gabbroid  magma,  actually  or  potentially  fluid,  is  general 
all  round  the  earth;  and  secondly,  that  the  overlying  solid  rocks 
are,  on  the  average,  crystalline  schists  and  sediments  more  acid 
than  gabbro.  Through  local,  though  widespread  and  profound,  as- 
similation of  those  acid  terranes  by  the  gabbro,  accompanied  and 
followed  by  differentiation,  the  batholitic  granites  may  in  large 
part  have  been  derived.*  True  batholiths  of  gabbro  are  rare,  per- 
haps because  batholitic  intrusion  is  always  dependent  on  assimila- 
tion. 

"The  argument  necessarily  extends  still  farther.  It  is  not 
logical  to  restrict  the  assimilation-differentiation  theory  to  the 
granites.  The  preparation  of  the  magmas  from  which  syenites  and 
diorites,  for  example,  have  crystallized,  may  have  been  similarly 
affected  by  the  local  assimilation  of  special  rock  formations.  The 
development  of  some  of  the  anorthosites  of  the  Canadian  and  Adir- 
ondack Archean  was  possibly  conditioned  on  the  digestion  of  part 
of  the  associated  crystalline  limestones  by  plutonic  magma. 

"The  oflicers  of  the  Minnesota  Geological  survey  have  shown 
that  the  same  magma  represented  in  the  soda-granite  and  grano- 
phyre  of  Pigeon  Point  forms  both  dikes  and  amygdaloidal  surface 
flows.t  The  assimilation-differentiation  theory  is  evidently  as  ap- 
plicable to  lavas  as  to  intrusive  bodies.  But  demonstration  of  the 
truth  or  error  of  the  theory  will  doubtless  be  found  in  the  study 
of  intrusive  igneous  bodies  rather  than  in  the  study  of  volcanoes 
either   ancient  or   modern. 


*  Cf.  K.  A.  Daly,  op.  cit. 

i  N.    n.   WiNCHELL.      Final    report.   Minn.   Geol.    Sur.,   vol.   4,    1899,   pp. 
519-21'. 
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"Finally  the  fact  of  'consanguinity'  among  the  Igneous  rocks  of 
a  petrographical  province  may  be  due  as  much  to  assimilation  as  to 
differentiation." 

Mr.  Daly  has  certainly  added  an  important  chapter  to  the  lltex^ 
ature  of  the  igneous  rocks.  The  reviewer  would  suggest  thi^t  prob- 
ably the  hornblende  gabbro  of  the  Moyie  sill  is  itself  a  secondary 
rock,  differing  from  true  gabbro  in  the  same  direction  as  its  con- 
tact phases  differ  from  the  body  of  the  sill.  The  true  gabbro  of 
Minnesota  was  found  to  acquire  hornblende  and  quartz,  and  often 
orthoclase,  when  it  came  into  contact  or  contiguity  with  the  acid 
sediments  of  the  Animikie.  It  is  quite  possible  and  logical  to  sup- 
pose that  a  mass  of  true  gabbro  magma,  in  the  lapse  of  time,  lying 
beneath  the  earth's  crust,  or  perhaps  in  contact  with  the  lower 
part  of  the  quartzytes  discussed  by  Dr.  Daly,  would  suffer  such  endo- 
teorphic  changes  on  a  grand  scale  as  to  afford  large  quantities  of 
homblende-gabbro,  and  nothing  else,  in  case  of  later  intrusion  into 
the  overlying  sediments.  n    h.  w 

La  Montagne  Pelhe  et  ses  bruptions^  par     A    Lacroix.      Quarto,  650 

pages,  30  plates.     Paris,  1904,  238  figures. 

This  work  is  published  by  the  Academy  of  Sciences,  under  the 
auspices  of  the  ministers  of  public  instruction  and  of  the  colonies. 

On  opening  the  volume  the  reader  is  presented,  in  the  frontis- 
piece, with  a  heliograph  of  perhaps  the  most  wonderful  natural 
scene  ever  photographed — the  "burning  cloud"  of  the  16th  of  De- 
cember, 1902,  at  the  point  of  its  arrival  at  the  sea.  Its  hight,  as  it 
fades  away  and  breaks  into  the  air  above  was  4000  meters,  or  some- 
what more  than  13,000  feet.  Its  wedge-shaped,  boiling  front  seems 
to  roll  alo^g  on  the  earth,  occupying  the  valley  of  the  stream.  At 
the  sea-level  its  foot  spurts  out  upon  the  water  somewhat  like  the 
advance  of  the  water  of  a  tremendous  comber  after  it  has  broken 
upon  the  beach.  Its  higher  portions  are  more  advanced  than  its- 
foot,  but  throughout  its  front  its  convoluted  shape  is  marked  and 
preserved,  rendering  it  apparent  that  the  great  mass  is  as  distinct 
from  the  atmospheric  air  as  the  dark  thunder  clouds  of  mid  summer. 
It  is  only  in  the  rear  of  the  cloud  that  its  outlines  are  confused 
and  lost.  Certainly  no  similar  volcanic  phenomenon  was  ever  be- 
fore so  truthfully  and  so  vividly  reproduced.  Hovey  and  Heilprin 
have  published  numerous  excellent  views  of  these  steam-ash  clouds 
taken  usually  from  near  the  crater  and  showing  partially  the  won- 
derful convolutions  they  undergo.  Lacroix's  photo  was  taken  from 
across  the  sea  level,  and  includes  the  entire  cloud  from  bottom  to 
top.  To  the  observer  it  must  have  presented  a  sublime  and  por- 
tentous aspect.  Of  the  results  of  the  devastation  of  such  a  death- 
dealing  cloud,  the  destruction  of  St.  Pierre,  the  author  says: 

"J'  ai  rapport^  une  impression  inoubliable,  non  seulement  des. 
ph^nom^nes  grandioses  et  passionnants  auxquels  j'  ai  assist^,,  mais- 
encore  des  infortunes  dont  j'  ai  6t6  le  temoin,  des  spectacles  tragi^ 
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ques  de  cette  campagne  de  six  mois,  de  ces  longues  cheyauch6e& 
dans  la  ville  d6tniite  et  sur  cette  Montagne  Pel6e,  naguere  veritable 
Eden,  aujourd'  hui  terre  ravagde,  couverte  d'  un  gris  linceul  de 
cendres,  qui  n'  6yoque  plus  que  des  souvenirs  de  desolation  et  de 
mort!" 

The  burning  clouds,  and  the  dome  and  spine  formed  at  the 
crater  are,  according  to  Lacroix,  the  two  capital  new  facts  of  the 
great  eruption.  The  book  contains  a  great  many  new  things  of 
minor  importance,  and  new  discussions,  presented  in  the  inimitable 
and  clear  style  of  Lacroix,  but  the  treatment  of  those  dominating 
scientific  facts  in  vulcanism  gives  to  the  volume  a  unique  value. 
The  work  is  divided  into  three  parts,  not  including  a  bibliography 
of  the  geology  and  geography  of  the  volcanic  islands  of  the  West 
Indies,  beginning  in  1640  and  concluding  with  late  publications  con- 
suited  even  during  the  process  of  printing  of  the  volume.  The  first 
part  treats  not  only  of  the  physics  of  volcanic  activity  but  presents 
in  detail  the  facts  of  the  late  eruptions.  The  second  part  is  taken 
up  with  petrographic  discussion  of  the  ashes,  bombes,  lavas  and  all 
ejecta  of  the  present  and  of  past  eruptions  of  Martinique,  and  by 
a  comparison  of  these  with  similar  rocks  from  others  of  the  vol- 
canic islands  of  the  East  Indies.  Part  three  is  devoted  to  certain 
minerals  and  rocks  produced  from  the  building  stones  and  some 
artificial  substances  by  the  burning  of  St.  Pierre. 

Part  1  contains  a  mass  of  descriptive  details,  with  numerous 
photographic  illustrations.  At  the  present  we  can  refer  specifically 
only  to  the  dome  and  the  burning  clouds.  As  to  the  former  the 
author  says:  "The  present  eruption  has  been  characterized  par- 
ticularly by  this  fact,  that  the  gaseous  emanations  and  the  ejection 
of  solid  matter  have  been  through  a  single  opening,  above  which 
was  built  up  rapidly  a  dome  of  andesyte  whence  thereafter  all  the 
explosive  phenomena  arose.  It  will  be  seen  later  that  this  dome 
did  not  present  a  permanent  yawning,  crater-like  opening  during  all 
the  time  that  I  studied  it.  If  it  had  one,  or  several,  during  the 
paroxysms,  which  is  quite  likely,  they  were  of  very  short  duration. 
There  is  then,  properly  speaking,  no  crater  of  the  present  eruption, 
in  the  sense  that  one  generally  gives  to  the  word  crater.  But  this 
dome,  in  place  of  being  raised  from  any  point  of  the  volcanic  ground 
of  Mont  Pel^e,  has  ascended  from  the  depths  of  an  old  caldera,  from 
an  old  explosive  crater  which,  in  the  first  weeks  of  the  eruption, 
before  'the  appearance  of  the  dome,  consequently  played  the  role  of 
a  veritable  crater.  In  fact  there  is  an  incasement  of  two  succes- 
sive volcanic  formations,  the  products  of  different  mechanism."  The 
author,  however,  applies  the  term  crater,  in  his  descriptions,  to 
that  part  of  the  old  caldera  which  has  not  yet  been  filled  by  the 
solid  mass  of  the  dome,  nor  by  the  pieces  that  become  detached 
from  it.    This  view  is  quite  different  from  that  entertained  by  ♦Heil- 

♦  The  to'wer  of  Pel6e;  new  studies  of  the  ^reat  volcano  of  Martinique. 
Anoelo  Heilprin,  1904,  p.  34. 
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prin,  who  believes  that  the  spine,  or  tower,  consists  of  an  ancient 
core  or  plug  remaining  since  the  last  eruption,  now  dislodged  and 
thrust  upward  by  renewal  of  volcanic  activity.  Lacroix,  however, 
in  his  resume  et  conclasions,  (p.  643)  details  more  specifically  his 
theory  of  the  origination  of  the  celebrated  spine.    Thus: 

"The  mechanism  of  the  production  of  domes,  which  are  com- 
posed principally  of  rocks  but  little  fusible  (rhyolytes,  trachytes, 
andesytes,  phonolytes)  in  so  many  regions,  remained  to  the  pres- 
ent very  obscure,  no  direct  observation  having  as  yet  permitted 
the  following  of  the  steps  of  growth  of  this  kind  of  volcanic  moun- 
tain. We  know  now,  by  a  concrete  example,  how  such  a  dome  is 
produced.  The  molten  magma,  reaching  the  surface,  by 
means  of  some  fissure,  forms  there  a  mass  which  is  quickly 
surrounded  by  a  solid  shell.  This  carapace  not  only  pro- 
tects the  interior  against  too  rapid  congelation  but  through  the 
fissures  formed  in  its  surface  by  contraction  exudes  a  frothy  lava 
which  adds,  according  to  the  internal  pressure,  intermittently  new 
quantities  of  molten  matter  to  the  exterior.  Thus  it  increases  in 
hight  and  in  size,  a  constant  rocky  mass  bristling  with  asperities, 
bounded  by  abrupt  walls  which  rise  in  the  midst  of  the  .talus  of 
fallen  pieces  which  are  constantly  increased  by  superficial  crumb- 
ling. Materials  ejected  by  the  paroxysms  of  activity  play  a  very 
insignificant  role  and  often  take  no  part  in  the  constitution  of  such 
a  dome. 

"The  dome  thus  constructed  is  not  pierced  by  any  yawning 
opening,  permanent  as  a  crater,  but  the  paroxysmal  explosions 
produce  in  it  temporary  openings  which  are  again  rapidly  sealed. 
When  the  external  shell  becomes  so  firm  that  it  cannot  longer  yield 
to  expansion  in  all  directions  the  internal  pressure  is  locally  effec- 
tive at  a  limited  number  of  points,  producing  then  the  extrusion  of 
solid  rocky  masses  which  may  rise  as  if  drawn  through  framed 
orifices,  forming  needles  which  may  reach  the  hight  of  several  hun- 
dred feet,  in  the  manner  pf  that  whose  birth  and  growth  I  wit- 
nessed and  examined  day  by  day  during  several  months.  In  the 
course  of  a  single  eruption  the  point  of  concentration  of  effective 
pressure  may  be  displaced,  forming  thus  successive  spines,  varying 
in  form,  dimensions  and  position." 

The  destructive  agent  of  the  eruption,  the  nu^s  ardentes,  aie 
regarded  as  the  result  of  explosion  issuing  from  the  fianks  of  the 
dome,  at  Mont  Pel6e.  but  from  the  depth  of  the  open  crater  at  Saint 
Vincent.  The  explosion  furnished  an  enormous  mass  of  gas  and 
water  vapor,  released  rapidly  on  reaching  the  atmosphere,  carrying 
alonp:  a  considerable  quantity  of  solid  matter  of  all  forms.  Instead 
of  being  always  projected  vertically  these  clouds  roll  with  great 
swiftness  down  the  slopes  of  the  mountain.  In  the  case  of  feeble 
eruptions  gravity  has  a  determining  influence  upon  their  course, 
but  in  great  paroxysms  they  are  moved  more  rapidly,  due  to  thfe 
accumulated  action  of  the  initial  projection  and  of  gravity  acting 
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in  the  same  direction.  At  Mont  Pel6e  the  position  of  the  orifice 
of  escape  of  these  gases  had  a  preponderating  infiuence  on  their 
direction. 

"These  clouds,  possessing  at  thein  starting  a  high  temperature 
which  becomes  slowly  lessened,  have  a  considerable  mechanical  and 
calorific  force,  which  explains  the  complete  annihilation  of  a  large 
city  and  its  inhabitants,  as  well  as  the  extension  of  the  destructive 
effects  to  the  distance  of  ten  kilometers  from  their  point  of  origin." 

The  scientific  world  is  under  obligation  no  more  to  the  French 
republic  than  to  the  French  savant  for  this  grand  and  most  satis- 
fcatory  treatise.  ^  n    h    w. 

Minerals  in  rock  sections;  the  practical  methods  of  determining  mio' 
erals  in  rock  sections  with  the  microscope^  especially  arranged 
tor  students  in  technical  and  scientiBc  schools.  Lea  McIlvainIe 
LuQUER,  Adjunct  professor  of  mineralogy,  Columbia  University, 
New  York  City,  Revised  edition.  New  York,  D.  Van  Nostrand 
Company,  1905.    147  pages,  $1.50  net. 

This  revision  of  a  useful  and  well-known  text  book  has  been 
improved  by  an  enlargement  of  that  part  relating  to  the  determina* 
tion  of  the  plagioclases,  by  the  explanation  and  illustration  of  the 
Becke  method  of  relative  refraction  in  contiguous  minerals,  and  by 
many  additions  in  chapters  I,  III  and  IV;  also  by  tables  of  refrac- 
tive indices,  of  double  refraction,  and  a  diagram  showing  the  rela- 
tion between  strength  of  double  refraction,  interference  colors  and 
thickness  of  section,  the  last  being  an  adaptation  from  Michel  Levy's 
color  scheme  of  double  refraction  accompanying  Min'^raux  des 
Roches   by  L6vy  and  Lacroix.  N.  H.  w. 

Geology  of  Western  Ore  Deposits.  Arthur  Lakes,  late  professo? 
of  geology  at  the  Colorado  School  of  Mines;  New  Edition,  en- 
tirely rewritten  and  enlarged,  with  300  illustrations,  438  pages. 
Kendrick  Book  and  Stationery  Company,  Denver,  Colo.,  $2.50, 
postpaid. 

Colorado  has  the  chief  share  in  this  work,  although  its  descrip- 
tions range  from  Alaska  southward.  It  is  well  illustrated,  frequent- 
ly by  sketches  by  the  author,  and  its  statements  are  correct  and 
clear.  The  extended  acquaintance  of  the  author  with  the  mining 
and  methods  of  the  Rocky  mountain  region  has  contributed  a  large 
share  to  the  contents  of  this  book  though  it  is  still  largely,  and  nec- 
essarily, a  compilation  from  other  authorities — Emmons,  Spurr, 
Weed,  Van  Hise,  Kemp  and  others.  The  book  cannot  fail  to  be 
of  great  usefulness  to  the  mining  industry  of  the  west.     N.  H.  w. 

f 

Grnndzuxe    dcr    Gesteinskunde;    1  Teil,    All^emeine  Gesteinsknnde   als 

Grundslage  dc  Geologie,  Ernst  Wkinschenk,     mit  47  Textfiguren 

und  3  Tafln.     Seiten  1G3.  1902,  4  marks.     Freiburg,  Wein,  Strasa- 
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burg,  Miinchen,  St.  Louis,  Mo.,  H.  Herder:  11  TeU,  Spexklk.  Ge- 
steinskunde  mit  besonderer  BerUsicbtigang  der  gcologiscben 
Verb&Itnisse,  mit  133  Textfiguren  und  8  Tafeln.  Seiten  331, 
1905,  9  marks,  Freiburg,  Wien,  Strassburg,  Miinchen  und  St. 
Louis,  Mo.,  B.  Herder. 

These  volumes  are  comparisons  of  the  same  author's  Gesteins- 
bildenen  Mineralien  a  id  Anleitung  zum  Gebtaucb  des  Polarisations- 
mikroskops  which  are  well  known  petrographical  text  books.  To- 
gether they  constitute  a  series  by  a  single  author  covering  the 
whole  field  of  lithology.  It  is  sometimes  an  advantage  to  a  student 
after  he  has  become  familiar  with  the  terms  and  usages  of  an  author 
to  be  able  to  transfer  his  attention  to  another  branch  of  the  science 
without  the  necessity  of  acquiring  the  ready  use  of  a  lot  of  new 
terms. 

Part  I.  contains  a  resume  of  the  known  distribution  and  raise 
en  place  of  the  difterent  kinds  of  rock  masses.  It  has  little  to  do 
with  the  composition 'of  rocks,  but  describes  vulcanism  and  the 
forms  of  rock  masses  it  produces,  the  first  crust  of  the  earth  and 
the  crystalline  schists,  magmatic  difTerences,  rock-weathering,  de- 
nudation, nature  and  distribution  of  sediments,  eolian  and  alluvial 
deposits,  marine  sediments,  glacial  deposits,  metamorphism,  its 
agents,  and  its  products,  both  contact  and  regional,  and  all  forms 
of  rock  structures.    It  has  a  full  and  useful  Index. 

Part  II.  treats  of  rock  species,  going  through  the  whole  gamut 
from  granite  and  gabbro  to  the  sedimentary  rocks  whether  mechan- 
ical, chemical  or  organic,  with  a  good  index.  A  special  chapter  Is 
devoted  to  the  crystalline  schists. 

Both  these  parts  are  well  illustrated  with  half-tones  from  pho- 
tographs. The  German  is  simple  and  easily  read  by  a  novice  in  that 
language.  The  work  is  distinctively  a  German  production,  with  little 
reference  to  English  and  French  literature.  n.  h..w. 

Structural  and  Field  Geology.  James  Geikik  Murchison,  professor  of 
Geology  and  Mineralogy  in  the  University  of  Bdinburg,  for 
students  of  pure  and  applied  science.  New  York.  D.  Van  Nos- 
trand  Company,  1905,  pp.  435,  56  plates  and  142  illustrations  in 
the  text.     14.00,  net. 

This  book  is  remarkable  for  two  things — ^It  has  no  references  to 
authorities,  and  it  does  not  touch  on  paleontology.  It  is  what  its 
title  implies — structural  and  field  geology — yet  some  might  query 
whether  it  would  have  been,  under  that  title,  as  reasonable  to  omit 
all  reference  to  the  mineral  composition  of  rocks  as  all  reference  to 
their  organic  contents.  Still,  it  is  plain  that  the  author  had  an 
idea,  which  he  has  tried  to  exemplify  in  his  work.  It  is,  further, 
verj'  reasonable  that  a  Scotch  text-book  on  geology  should  reflect 
the  dominant  geological  features  of  Scotland,  and  these  certainly  are 
not  paleontologic.  The  illustrations  are  also  taken  from  Scotch 
geology. 


Review  of  Recent  Geological  Literature.  321 

There  are  two  other  features  which  this  book  possesses  which 
give  it  a  unique  character.  These  consist  of  detailed  directions  for 
geological  surveying,  i.  e.,  the  bow  and  what  to  observe,  and  the 
methods  of  making  maps  and  sections.  These  are  essential  to  the 
equipment  of  a  field  geologist.  It  is  necessarj-  that  the  field  geolo- 
gist be  expert  in  interpreting  and  expressing  the  significance  of  the 
topographic  features.-  In  the  chapter  on  the  "Bconomic  aspects  of 
Geological  Structure"  is  a  thorough  discussion  of  underground  water. 

"This  handbook  addresses  itself/'  as  the  author  states  in  the 
preface,  "in  the  first  place  to  beginners  in  field  geology,  but  I  hope 
it  may  be  found  useful  also  to  students  who  are  preparing  for  pro- 
fessions in  which  some  knowledge  of  Structural  Geology  is  of  prac- 
tical importance."  It  is  not  therefore  a  handbook  for  the  experi- 
enced geologist,  dealing  with  geological  problems,  and  investiga- 
tions up  to  date.  It  only  summarises  the  recognized  fundamentals  of 
geology.  N.  H.  W. 

Economic  Geology  of  the  United  States^  Hbinrich  Ribs,  Asst.  Pro- 
fessor of  Economic  Geology  at  Cornell  University,  pp.  xxi,  435; 
plates  26;  fig.  97.  The  Macmillan  Company,  New  York,  1905. 
Price  $2.60,  net. 

This  work,  which  is  intended  to  serve  as  an  elementary  text- 
book for  students  of  economic  geology,  treats  of  the  mode  of  occur- 
rence, distribution  and  uses  of  both  the  non-metallic  and  the  metallic 
minerals  and  rocks  in  the  United  States  which  are  of  economic  value. 
The  book  is  divided  into  two  parts:  Part  I.  treating  the  non- 
metallic  minerals,  and  Part  II.  the  metallic  minerals.  This  arrange- 
ment, which  is  perhaps  different  from  that  usually  followed,  has 
been  adopted,  because  the  non-metallic  minerals  produced  annually 
have  a  greater  aggregate  value,  and  also  for  the  reason  that  this 
line  of  discussion  leads  from  the  simpler  to  the  more  difficult  part 
of  the  subject 

Although. an  elementary  work,  the  book  contains  also  extensive 
lists  of  reference  so  that  those  desiring  to  pursue  the  subject  further 
can  do  so.  These  references  are  grouped  at  the  end  of  each  chapter 
where  they  can  be  easily  referred  to  by  those  needing  them,  but  at 
the  same  time,  by  this  arrangement  they  take  up  but  little  space*  in 
the  book. 

In  treating  each  mineral  the  aim  has  been  to  discuss  its  general 
characters  and  economic  value,  followed  by  a  description  of  a  few 
localities  which  are  of  importance  or  may  serve  as  types,  rather 
than  to  give  a  mass  of  detailed  descriptions,  which  often  tend 
simply  to  confuse  the  student. 

The  difficult  task  of  presenting  in  one  volume  of  moderate  size 
a  description  of  the  mineral  resources  of  the  United  States,  and  of 
allotting  to  each  subject  the  proper  amount  of  attention,  has  been 
unusually  well  performed.  The  space  given  to  non-metallic  min- 
erals covers  215  pages,  while  194  pages  are  devoted  to  metallic  ores 
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and  minerals.  The  value  of  the  book  for  reference  is  greatly  en- 
hanced by  a  good  index.  The  authorities  quoted  are  up  to  date, 
and  chosen  with  discrimination. 

A  work  of  this  nature  will  prpbably  never  be  entirely  free  from 
inaccuracies.  As  an  indication  of  conscientious  work  on  the  part 
of  the  reviewer  and  for  the  correction  of  future  editions  it  may  be 
well  to  call  attention  to  a  few  slips:  Thus,  corundum  is  not  really, 
next  to  diamond,  "the  hardest  abrasive  known"  (p.  163).  An  im- 
portant use  for  sulphur  not  mentioned  (p.  198)  is  in  the  manufacture 
of  paper;  and  zinc  is  largely  used  in  the  cyanide  process  of  gold  ex- 
traction (p.  320).  Fault  planes  and  sheer  zones  can  hardly  be 
called  "cavities"  (p.  231).  although  they  may  permit  the  circulation 
of  waters  underground.  This  idea  resembles  the  old  notion  that 
"fissure  veins"  were  once  open,  empty  cracks  of  indefinite  vertical 
and  horizontal  extent.  It  is  also  true  that  "crustification"  is  often 
observed  in  veins  which  are  not  "formed  by  the  simple  filling  of  a 
fissure"  (p.  230). 

Tellurides  are  not  "unknown,"  but  are  often  found  at  the  con- 
tact of  granitic  intrusions  and  calcareous  rocks  (p.  235). 

The  "apex"  of  a  vein  may  not  "outcrop"at  all  (p.  238).  "Ore 
bodies  lacking  in  iron  pyrites,"  but  composed  of  chalcopyrite  do 
sometimes  show  secondary  enrichment  (p.  245).  Some  blast  fur- 
naces now  use  more  than  75%  of  Mesabi  ores  in  their  charge  (p. 
265) ;  and  the  greater  value  of  hematite  ore  is  not  due  so  much  to 
its  proximity  to  theoretical  purity  as  to  the  readiness  with  which 
it  is  reduced  by  carbonaceous  fuel  as  compared  with  magnetite  (p. 
252). 

Altered  copper  ores  are  not  usually  more  cheaply  treated  than 
sulphide  ores,  and  chalcopyrite  is  not  commonly  considered  a  sec- 
ondary ore  (p.  281). 

The  large  copper  mines  at  Butte  are  from  2000  to  2500  feet  deep 
instead  of  1000  to  1500  and  the  vertical  limit  of  the  silver  ore  was 
determined  long  before  the  silver  mines  reached  the  depth  of  1400 
feet  (p.  28G).  Douglass  Houghton  was  an  "A.  B."  and  "M.  D."  and 
a  geologist,  but  it  is  novel  to  hear  him  called  "a  mining  engineer" 
(p.  287).  Copper  In  the  Lake  Superior  region  is  seldom  if  ever 
"refined  electrolytically"  (p.  290). 

Sulphide  of  gold  is  certainly  a  rarity  (p.  329) ;  but  so  are  really 
well-balanced  works  on  economic  geolog>'  in  general.  And  the  con- 
clusion should  not  be  drawn  from  the  above  series  of  minor  correc- 
tions and  suggestions  that  this  is  not  a  very  valuable  and  useful 
addition  to  our  literature  on  the  subject  which  it  treats.  Necessa- 
rily condensed,  it  yet  covers  the  ground  in  a  thorough  and  authori- 
tative manner  and  will  be  used  by  many  as  the  most  satisfactory 
text  book  available.  H.  V.  W. 
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Acad.  Sci.,  vol.  12,  pp.  165-167,  1905.) 

KINDLE,  E.   IVI. 

Water  resources  of  the  Catatonk  area.  New  York.  (Wat.  Sup. 
Ir.  Pap.,  145,  pp.  53-57,  1905.) 

LAMBE,    L.   IVI. 

A  new  species  of  Hyracodon  (H.  priscidens)  from  the  Oligocene 
of  the  Cypress  Hills,  Assiniboia. 

FoBsil  horses  of  the  Oligocene  of  the  Cypress  Hills,  Assiniboia. 
(Trans.  Roy.  Soc.  Can.,  2nd  series,  vol.  11,  Sec.  4,  pp.  37-52,. 
August,  1905.) 
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LANE,  ALFRED  C. 

Comment  on  the  Report  of  the  Special  Committee  on  the  Lake 
Superior  Region.     (Jour.  Geol.,  vol.  13,  pp.  457-462,  July-Aug.,  1906.) 

LEE,  W.  T. 

Underground  waters  of  Salt  River  valley,  Arizcma.  Wat  Sup. 
Ir.  Pap.,  No.  136,  pp.  196,  1906. 

LEIQHTON,  M.  O.  (and  a  B.  H0LLi8TER). 

Quality  of  water  in  the  Susquehanna  river  drainage  basin. 
Wat  Sup.  &  Ir.  Pap.,  108,  pp.  76,  pis.  4,  1906. 

LEITH,  C.  K. 

Genesis  of  the  lake  Superior  iron  ores.  (Boon.  GtooL,  toL  U 
pp.  47-66,  Oct-Nov.,  1906.) 

LINDQREN,  W. 

Ore  deposition  and  deep  mining.  (Boon.  GteoL,  voL  1,  pp.  84- 
46,  Oct-Nov.,  1906.) 

LINDQREN,  W.  (and  P.  L.  RAN80ME). 

Report  of  progress  in  the  geological  resurvey  of  the  Cripple 
Creek  district,  Colorado.    XJ.  S.  Qeol.  Sur.,  BulL  264,  pp.  86,  1906. 

LE  ROY,  O.  E.  (See  ADAM8,  F.  D.  In  October  No.) 

LOGAN,  W.  N.  (and  W.  R.  PERKINS). 

The  underground  waters  of  Mississippi;  a  preliminary  report 
Miss.  Agri.  Bxper.  Sta.,  Bull.  89,  pp.  112,  1906. 

LOUGHLIN,  G.  P. 

The  Clays  and  Clay  Industries  of  Connecticut  Conn.  Qeol 
Nat.  His.  Sur.,  Bull.  No.  4,  pp.  121,  pto.  13,  1906. 

LULL,  RICHARD  9. 

Megacerops  Tyleri,  a  new  species  of  Titanothere  /rom  the  Bad 
Lands  of  S.  Dakota.  (Jour.  Geol.,  vol.  13,  pp.  443-467,  July-Aug., 
1906.) 

MANN,   R.  L. 

Secondary  enrichment  of  veins.  (Eng.  Mln.  Jour.,  voL  80,  p. 
788,  Oct  28,  1906.) 

MARTIN,  G.  C.   (See  STOSE,  Q.  W.) 

MATTHEW,  G.  P. 

The  Cambric  Dictyonema  fauna  of  the  slate  belt  of  eastern  New 
York.     (Can.  Rec.  Sci.,  vol.  9„  p.  196,  1905.) 

MENDENHALL,  W.  C. 

Geology  of  the  Central  Copper  River  region,  Alaska.  U.  S. 
Geol.  Sur.,  Prof.  Pap.  41,  pp.  133.  pis.  20,  maps,  1906. 

MERRIAM,  J.  0. 

A  new  sabre  tooth  from  California.  (Bull.  Dept.  Geol.,  Univ. 
Cal.,  vol.  4,  pp.  171-175,  July,  1906.) 
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M08E8,  A.  J. 

Crystallization  of  luzonite;  and  other  crystallographic  studies* 
(Am.  Jour.  Sci.,  vol.  22,  pp,  277-284,  Oct.,  1905.) 

NORTON,  W.  H. 

Water  supplies  at  Waterloo,  Iowa.  (Wat.  Sup.  Ir.  Pap.,  146^ 
pp.  148-155,  1905.) 

PURDUE,  A.  H. 

Water  resources  of  the  Winslow  quadrangle,  Arkansas.  (Wat. 
Sup.  Ir.  Pap.,  145,  84-87,  1905.) 

PURDUE,  A.  H. 

Water  resources  of  the  contact  region  between  the  Paleozoic 
and  Mississippi  embayment  deposits  in  northern  Arkansas.  (Wat. 
Sup.  Ir.  Pap.,  145,  pp.  88-119,  1905.) 

RAN80ME,   F.   L.    (8ee   LINDQREN,   W.) 

RANSOME,  F.  L. 

The  present  standing  of  applied  geology.  (Econ.  Qeoh,  voL  1^ 
pp.  1-10,  Oct.-Nov.,  1905.) 

8CHNEiDER,  P.  F. 

Preliminary  note  on  some  overthrust  faults  in  central  New 
York.     (Am.  Jour.  Sci.,  vol.  22,  pp.  308-311,  October,  1905.) 

8INCLAiR,  W.  J. 

New  mammalia  from  the  Quaternary  caves  of  California. 
(Bull.  Geol.,  Univ.  Cal.,  vol.  4,  pp.  145-161,  pis.  19-23,  July,  1905.) 

8MITH,  GEO.  O. 

Water  s.upply  from  Glacial  gravels  near  Augusta,  Maine.  (Wat. 
Sup.  Ir.  Pap.,  145,  pp.  156-160,  1905.) 

SMITH,  GEO.  O. 

Water  resources  of  the  Portsmouth-York  region,  New  Hamp* 
shire  and  Maine.     (Wat.  Sup.  Ir.  Pap.,  145,  pp.  120-128,  1905.) 

SMITH,  W.  8.  TANGIER. 

Water  resources  of  the  Joplin  district,  Missouri-Kansas.  (Wat* 
Sup.  Jr.  Pap.,  145,  pp.  74-83,  1905.) 

8PURR,  J.  E. 

Geology  of  the  Tonopah  mining  district,  Nevada.  U.  S.  QeoL 
Sur.,  Prof.  Pap.  42,  pp.  295,  pis.  24,  1905. 

8TOSE,  G.  W.  (and  G.  C.  MARTIN). 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangle.  West 
Virginia,  Maryland  and  Pennsylvania.  (Wat.  Sup.  Ir.  Pap.,  145» 
pp.  58-63,  1905.) 

SULLIVAN,  E.  C. 

The  chemistry  of  ore-deposition;  precipitation  of  copper  by 
natural  silicates.     (Econ.  Geol.,  vol.  1,  pp.  67-73,  Oct.-Nov.,  1905.) 
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TAYLOR,  THOMAS  U. 

The  water  powers  of  Texas.    Wat.  Sup.  Ir.  Pap.,  105,  pp.  116, 
pis.   17,   1905. 

ULRICH,  E.  O.   (See   BAIN,  H.  F.) 

WEED,  W.  H. 

Notes  on  certain  hot  springes  of  the  southern  United  States. 
(Wat.  Sup.  Ir.  Pap.,  145,  pp.  185-206,  1905.) 

WRIGHT,  F.  E. 

Determining  of  the  optical  character  of  birefracting  minerals 
<Am.  Jour.  Sci.,  vol.  22,  pp.  285-296,  October,  1905.) 


CORRESPONDENCE 


Two  OARBONiFE'ious  (tk\kra. — ^I  notice  that  two  generic  names 
appear  to  be  in  use  for  Carboniferous  fossils  (c  f.  Weller,  Bibl.  In- 
dex, N.  Am.  Carb.  Invert.)   are  homonyms,  and  untenable. 

(1)  Microdotij  Conrad,  1842  (Mollusca);  not  Microdon,  Meigen, 
1803.  The  name  CypncardeUa,  Hall,  is  available.  The  species 
(following  Weller)  will  stand  as  Cypricardella  bellistriata  (Conrad), 
C.  connata  (W  •  cott).  C.  elliptica  (  .^hitfleld),  C.  eximia  M  lier  & 
Unrley  C.  gorbyi  Miller,  C.  nvcleata  Hall,  C.  oblonga  Ha'l,  C 
gnadrata White  &  Whitfield  C.  reservata  (Hali),  C  sttbelliptica 
Hall. 

(2)  Prestwichia,  Woodward,  1867  (Crustacea);  not  Prestwicbia^ 
Lubbock,  18G3.  The  name  Euproops,  Meek,  is  available  for  this 
genus.  The  species  are  E.  coUetti  White,  E.  danae  (M.  &  W.), 
ernd- E.  lon^ispina    Packard. 

Goniodon,  Herrick,  1888  (Mollusca),  would  be  rejected  by  those 
who  rejected  Calamodon  because  of  Calamodus  (of  Palmer,  Index 
Generum  mammalium,  p.  151),  as  Goniodus^  in  fishes,  is  of  course 
much  earlier.  This,  however,  is  an  extreme  view,  hardly  likely 
to  prevail.  In  the  Index  zoologicus  Herrick's  Goniodonis  omitted, 
but  there  is  cited  a  Goniodon,  Perrier,  in  Echinoderms,  without 
date,     (c  f.  also  Gregory,  in  Bather,  Treatise  on  Zoologj\  part  iii,  p. 

253.)  T.   D     A.   Ck>OKERELL. 

University  of  Colorado,  Boulder,  Colo. 
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PERSONAL  AND  SCENTIFIC  NEWS. 


Mr.  Edward  H.  Berry,  paleobotanist  and  secretary  of 
the  Torrey  Botanical  Club,  is  engaged  in  studying  the  fossil 
flora  of  Maryland  for  the  Geological  Survey  of  that  state. 
His  address  is  "Geological  Survey,  Johns  Hopkins  Uni- 
versity, Baltimore,  Md." 

Dr.  W.-  B.  Dawson,  brother  of  the  late  Dr.  Geo.  M. 
Dawson,  is  making  a  tidal  survey  of  the  Pacific  coast  of 
Canada. 

Dr.  Robert  Bell,  is  making  a  trip  via  Skag^ay  to  Daw- 
son, in  Yukon  territory. 

Dr  Joseph  Hyde  Pratt,  of  the  North  Carolina  Geo- 
logical Survey,  is  on  an  extended  trip  in  Arizona  and  Mon- 
tana, examining  mining  properties. 

At  Harvard  University  Messrs.  R.  Kent  and  H.  N. 
Eaton  have  been  appointed  assistants  in  geology. 

The  Next  Meeting  of  the  American  Association  for 
the  Advancment  of  Science  will  be  held  at  New  Orleans. 
It  has  been  ascertained  by  the  permanent  secretary  that  by 
Dec.  29,  in  the  judgment  of  public  health  and  hospital  of- 
ficials, all  danger  from  yellow  fever  will  have  disappeared. 

Massachusetts  Institute  of  Technology — It  has  been 
decided  by  the  corporation  of  the  Institute  that  the  plans 
entertained  for  some  time  past  for  the  consolidation,  or  "co- 
operation" of  the  Institute  with  Harvard  University,  have 
to  be  abandoned,  owing  to  the  late  decision  of  the  supreme 
court  relative  to  the  land  on  Boylston  street.  In  a  circular 
lately  issued  by  Pres.  H.  S.  Pritchett  the  friends  of  the  In- 
stitute are  invited  to  hearty  cooperation  in  its  future  up- 
building. 

Dr.  H.  W.  Fairbanks  of  Berkeley,  California,  recently 
made  a  horseback  trip  with  his  wife  and  little  daughter, 
from  the  Dalles  in  Oregon  to  San  Francisco,  passing  over 
the  highest  ranges  of  the  Sierra  mountains,  incurring  many 
of  the  hardships  and  perils  of  camp  life.  It  was  for  photo- 
graphing the  topographic  and  geologic  features  preparatory 
to  a  new  work  on  which  he  is  engaged. 

Weight  of  Bromtosaurus,  From  measurements  and 
estimates  made  at  Columbia  Universitv  bv  Prof.  William 
Hallock  and  W.  K.  Gregory,  upon  a  restoration  of  Bronto- 
saurus  excelsus  made  by  Charles  R.  Knight,  the  saurian 
was  found  to  have  had  a  weight  of  about  38  tons.  The 
mounted  skeleton,  at  the  American  Museum  of  Natural  His- 
tory, is  66  feet  7  inches  long. 

Dr.  C.  R.  J,  Laflame,  president  of  the  Royal  Society 
of  Canada  has  been  appointed  by  the  international  water- 
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ways  commission  to  make  a  report  upon  the  recession  of 
the  Canadian  side  of  Niagara  falls. 

**EcoNOMic  Geology"  is  a  new  semi-quarterly  journal 
devoted  to  geology  as  applied  to  mining  and  allied  indus- 
tries, the  editor  of  which  is  Prof.  John  Duer  Irving,  Lehigh 
University,  South  Bethlehem,  Pa.  Its  first  number  is  dated 
October-November,  1905.  It  is  an  octavo  of  100  pages. 
Associate  editors  are  Waldemar  Lindgren,  James  Furman 
Kemp,  Frederick  Leslie  Ransome,  Heinrich  Ries,  Marius  R. 
Campbell  and  Charles  Kenneth  Leith. 

A  MEETING  OF  THE  MEMBERS  OF  THE  DIVISION  OF  HYDROL- 
OGY of  the  United  States  Geological  Survey  who  are  en- 
gaged in  the  artesian  water  and  related  geologic  investiga- 
tions was  held  in  Washington  Saturday,  December  9th,  for 
the  pucpose  of  organizing  a  society  for  the  discussion  of 
problems  relating  to  underground  waters  and  methods  of 
increasing  the  efficiency  and  economic  value  of  investiga- 
tions. Among  those  attending  the  meeting  were  F.  H. 
Newell,  Chief  Engineer  of  the  Geological  Survey,  and  offic- 
ials and  members  of  the  division  of  hydrology.  The  forma- 
tion of  the  new  society  was  decided  upon,  but  the  details 
of  organization  were  left  to  a  future  meeting. 

The  Havden  Memorial  Gold  Medal  was  awarded 
November  7  by  the  Academy  of  Natural  Sciences  of  Phila- 
delphia to  Dr.  C-  D.  Walcott  Director  of  the  United  States 
Geological  Survey. 

Dr.  C.  H.  Gordon,  lately  of  the  New  Mexico  School 
of  Mines,  is  occupied  in  the  study  of  the  geology  and  the 
ore  deposits  of  certain  districts  in  New  Mexico  for  the 
United  States  Geological  Survey. 

The  Eighteenth  Winter  Meeting  of  the  Geological 
Society  of  America  will  be  held  at  Ottawa,  Can.,  Dec.  27-29, 
1905.     The  President  is  professor  R.  Pumpolly' 


ERRATA  FOR  VOLUME  XXXV. 

The  plate  facing  page  104  should  be  numbered  x.  Page  245,  line  6 
from  the  bottom,  for  "inspection"  read  instruction.  Page  404,  line  4  from 
the  bottom,  for  xxxlv  read  xxxv.     Page  285,  line  18,  for  "they"  read  three. 


ERRATA  FOR  VOLUME  XXXVI. 

Page  187,  line  62  for  "W.  U."  read  G.  F.  M.  Page  250,  in  the  "Edi- 
torial Comment"  all  references  to  the  plate  should  read  plate  xHl  instead 
of  "plate  xvl,"  and  the  title  should  read  Willamette  instead  of  "William- 
ette." 


\M1-RI(\\\    GHOLOGIST 

DHCHMHI'IR.  igo.s. 

IniUw  /'or  J'i)lutncs  I-XXXTI. 


I 


Explanation.  There  are  general  heads  under  which  titles  are 
grouped,  viz:  Cretaceous,  bibliography,  geology,  etc.  Titles  relating  to 
minerals  are  divided  into  two  gnnips,  viz:  those  referring  to  mineral 
species,  generally  "reviewed",  and  those  relating  to  economic  or  other 
aspects.  In  the  former  group  the  authors'  names  are  not  given;  in  the 
latter  they  are.  "Fossils"  are  also  divided  into  tw(;  groups,  viz:  paleon- 
tological  papers  "reviewed",  and  papers  consisting  of  original  descri])- 
tions  of  species. 

In  all  cases  the  arrangement  of  titles  under  the  general  heads,  and 
undef  the  groups,  is  chr(»noh.)gicr.l  and  not  alphabetical. 

The  index  is  not  an  alphabetical  <ine,  with  many  cross-references, 
but,  under  a  general  alphabetical  regimen  it  is  ge<)gra])hical  and  chron- 
ological. Subjects  relating  to  each  state  are  grouped  under  the  name 
of  the  Slate:  but  all  the  Canadian  states,  including  Newfoundland,  are 
listed  under  the  head  of  "Canada". 

Akbkkviations.        (abs)=a])stract;       (Am.   ccm)  =  Report  of  the 
American  committee    at  the  International   Congress   of  Geologists,  at 
the  London  session,  1888:  (cit.)  =  cited;   ( rev.)  =  reviewed;    (rem.)=re- 
mark;    (p.  s.  n.)—])ersonal  or  scientific  n»»te;    (  ed  com.)— editorial  com 
ment:   i(»bit,)=obituarv  notice. 


INDEX 


Abandoned  strknds  of  lake  War- 
ren, Lawson,   (aba.),  xl,  177. 

Abbe,  Cleveland,   (p.s.n.).   xvl,  400. 

Abbe,  Cleveland,  Jr.,  Physiography 
of  Maryland  (rev.),  xxv,  182; 
xxix,  iiy.  ^        ^        ..  ^ 

Abercromble,  W.  R.,  Crossing  the 
Valdez  glacier  at  Bates  pass,  xxlv, 

349. 

Ablation  of  the  ice-sheet.  Chamber- 
lln,   Winchell.   Lpliam,  xll,  40. 

Acadian   series.   Trilobites   of,   II,   3. 

Account  of  a  deserted  gorge  of  the 
Mississippi,  near  Minnehaha  falii, 
U.  S.  Grant,  vl,  1. 

Account  of  the  discovery  of  a  chip- 
ped chert  implemonl  in  undis- 
turbed glacial  gravels,  G.  F. 
Wright  (abs.),  xvl,  255. 

Account  of  researches  relating  to 
the  great  lakes,  J.  W.  Spencer, 
xxl,    116. 

Acerocarezonen,  J.  C.  Moberg  and 
H.  MoUer,  (rev.),  xxll,  383. 

Acervularia  davidsoni  and  profun- 
da, S.  Calvin.  Ix,  355. 

Acid  eruptives  of  northeastern 
Maryland,  C.  R.  Keyes.  xv,  89. 

Actlnophorus  clarki  Newberry,  B. 
W.   Claypole,   xvl,   20. 

Action  of  ammonium  chloride  on 
natrolite,  etc.,  Clark  and  Steiger. 
(rev.),  xxvii,  49;  On  analcitt*,  leu- 
clte,  etc.,  (rev.),  xxvll,  184. 

Adams,  Charles  Baker,  Sketch  of 
life  and  work,  H.  M.  Seely,  xxxll, 

Adams,  Frank,  Ore  of  the  Tread- 
well  mine,  Iv,  88;  (p.s.n.),  Ix,  218; 
Tabulation  of  igneous  rock» 
(rev.),  Iv,  268;  Nepheline  syenitt 
in  Ontario  (abs.),  xlv,  68;  (rev.), 
189;  Further  contribution  to  our 
knowledge  of  the  Laurentian 
(abs.).  XV,  67;  Geology  of  a  part 
of  the  Laurentian  north  of  Mon- 
treal (rev.).  XX,  131;  Gnelssic 
rock?  of  the  Orenvllle  series 
(rev.),  XX,  200;  Experimental  in- 
vestigation into  the  flow  of  mar- 
ble,  (rev.),  xxvll,  310. 

Adams,  G.  I.,  Note  on  a  Tertiary 
terrane  new  in  Kansas  geology, 
xxlx,    301;    (p.s.n.).    xxxlli,    63. 

Additional  evidence  bearing  on  ths 
Glacial  hlstorj*  of  the  Upper  Ohio 
valley,  G.  F.  Wright,  xl,  195. 

Additional  note  on  the  oceanic  cur- 
rent in  the  Utlra  epoch,  R.  Rue- 
demaim,   xxl,  75. 

Additional  notes  on  the  Cambrian 
of  Cape  Breton.  G.  F.  Matthew, 
(rev.),    xxlx,    180. 

Additions  to  the  minerals  of  Min- 
nefota,   H.   V.   Winoliell,    I,    132. 


Additions  to  Miller's  N.  American 
paleontology,  C.  L.  Herrick,  v. 
253. 

Adirondack  region,  Lake  filling  In 
the,  C.  H.  Smyth,  Jr.,  xl,  S5;  iron 
bearing    rocks,    Nason,    xll,    25. 

Adobe,  Russell,    (cit.),   Iv,  336. 

Adularia  and  other  secondary  min- 
erals of  the  copper-bearing  rocka 
N.  H.  Winchell,  xxll  I,  317. 

Advance  sheets  from  the  18th  re- 
port. Indiana  survey,  paleontol- 
ogy, S.  A.  Miller  (rev.),  x,  82S. 

Africa,  Carboniferous  Glaciation.  C. 
D.  White,  III,  303;  Marine  fauna 
of  lake  Tanganyika.  W.  H.  Hud- 
dleston.    (rev.)    xxxv,    249. 

Aftonlan  and  pre-Kansan  deposits 
in  southwestern  Iowa,  (abs.)  U. 
F.  Bain,  xxl,  255. 

Agarlcocrlnus,  Keokuk  species.  C. 
/      H.  Gordon,  v,  257. 

Agassiz,  A.,  Rate  of  growth  of 
corals  (p.s.n.),  vl,  326;  Expedi- 
tion to  the  Bahamas,  (abs.),  xlll, 
141;  (p.s.n.),  •  xvll,  257;  Under- 
ground temperatures  (p.s.m), 
xvll,  60;  (p.s.n.),  xvll,  331;  Geo- 
logical exploration  in  the  West 
Indies  (abs.).  Hill,  xxll,  265;  Is- 
lands and  reefs  of  Fiji,  (rev.), 
xxiv,  121;  (p.s.n.),  xxv,  58,  196, 
393. 

Agassiz  Association,  F.  Barrows, 
viii,  128. 

Agassiz,  L.,  Life  of.  (p.s.n.),  xv, 
399. 

Agassiz,  Lake.  Beaches  of,  Upham. 
(rev.)  I,  64;  Area  and  duration 
of,  Upham,  viil,  127;  Report  on 
exploration  of,  Upham,  (rev.), 
viii,  394. 

Age,  of  the  Tipton  Run  coal.  I.  C. 
White.  Iv.  25;  of  the  Cincinnati 
anticlinal.  A.  F.  Foerste,  vli,  97; 
of  the  crystalline  limestones  of 
Warren  county.  New  Jersey,  L. 
G.  Westgate,  xlv,  369;  of  the  Ga- 
lena limestone,  N.  H.  Winchell, 
(abs.),  xlv,  2U3;  xv,  33;  of  the 
earth,  (ed.  com.),  xv,  382;  W.  A. 
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brachinp'Yl  1.  (rev.'i.  v.  51;  The 
HrTcy^-Fra^o  and  thf-  H«'ldt'r- 
berg"  limestones,  vil,  109;  Fauna 
with  (^tniatites  intum'^^^cens 
in    western    New    York.    vlii.    S6; 


Notes  on  Ai-idasulK,  (ri-v.).  ix, 
1*0-:  Ui 'SO  r  vat  ions  on  Terataspis 
grandis,  the  largest  known  trllo- 
bite,  (rev.).  Ix,  203;  On  Coro- 
nura  nspectans,  (rev.).  Ix.  203; 
The  protoconch  of  Orthoceras.  xlif 
112;  Eleventh  and  twelfth  New 
York  reports,  (rev.),  xlli,  193; 
Handbook  of  brachiopoda.  (p.s. 
n.),  xlli,  439;  American  species 
of  Autodetus  and  paramorphi? 
shells,  xiii,  327;  Composite  generic 
fundamenta.  xlli,  2S6;  The  early 
stages  of  Bactrltes,  xlv,  37;  Nan- 
no:  a  new  cephalopodan  type,  xlv, 
20.-.:  Sketch  of  G.  H.  Williams, 
XV,  r,;t;  (?ei»haloi)od  beginnings,  xv, 
125:  On  Nanno.  (cit.),  xvl,  1; 
Structure  of  certain  paleozoic . 
barnacles,  xvli,  137;  James  Hall 
and  the  New  York  state  survey, 
xvli  I,  r..'*;  A  sphinctozoan  calcl- 
snonge  from  the  upper  Carbonif- 
erous of  eastern  Nebraska,  xx, 
3S7:  (p. s.n.),  xxlil.  67;  (and  James 
Hall).  Memoir  on  Dictyospongidae, 
(rev.),  xxlv,  304;  Upper  Sihirian 
fauna  of  the  Rio  Trombetas.  Bra- 
zil, (rev.),  xxlv,  311;  (and  C. 
Schuchert).  The  nomenclalure  of 
the  Now  York  series  of  geological 
formations,  xxv,  114;  (p.s.n.). 
xxvl,  105;  (p.s.n.).  xxx,  130;  An- 
notations of  Jackel's  these.e  on 
Orthoceras  and  other  cephalopods, 
xxxi.  216:  (and  R.  Ruedemann). 
Ouelph  fauna  in  the  state  of 
New  York,  xxxl  1 .  2."4:  Naples  fau- 
na in  western  New  York,  (rev.), 
xxxili,  47:  (p.s.n.).  xxxili,  397; 
Charle.«s  Emer.s(»n  Reecher.  xxxlv, 
1:  (ps.n.).  xxxiv,  202:  (and  D. 
P.  l.uther'i.  Watklns  and  Elmira 
onndrangles.  (rev.),  xxxlv,  324; 
Portage*  crinoids.  (ed.  com.), 
XXXV,  246:  Jam^s  TIall  and  the 
Trnost    mnnuscrlnt.    xxxv.    p.    256. 

Clark.  W.  B.,  Tertiary  of  the  Cape 
Ff»nr  rivor  rncrion.  (rev.),  v,  119: 
(and  G.  H.  Williams),  Geolgcry  of 
Marjiand.  (rev.),  x,  63:  Correla- 
tion paper.  Eoc«'tM>.  (rev.'i.  xll, 
309:  (and  G.  TT.  Williams).  Geol- 
osrv  and  physical  features  of 
>\'irvland.  (rev.),  xil.  396:  Climnte 
cf  Mnrylnnd.  (rev),  xlil.  139: 
Greensands  of  N.  J..  Crev. ).  xlli. 
210:  ^Tcsi^zoJc  Echinodermntn  of 
the  Unllf'd  States,  (rev.),  xlv.  329; 
Eocene  fauna  of  the  mld«-ile  At- 
lantic sl(»pe.  (rev.V  xvl,  SS^;  Eo- 
cene deposits  of  the  middle  At- 
lantic slope,  (rev.),  xlx.  64:  Geol. 
Sur.  Maryland,  vol.  1.  (rev.),  xxll, 
375;  Marvland  geological  survey, 
vol.  ii.  (rev.),  xxlil,  193;  ditto, 
vol.  ill.  (rev.),  xxv,  3S3:  Report 
on  Allcerany  county.  Md..  (rev.), 
xxix,  119:  Maryland  geological 
survey,  vol.  iv.  (rev.),  xxxl.  54; 
Maryland  geological  survey,  Mio- 
cene,   (rev.),   xxxv.   392. 

Classification  of  igneous  rocks. 
Ro«pnbnsch's.  Rayloy's  scheme. 
^revV  Iii,  4s:  of  th«*  Cambrl'^n  and 
rrc-Cambrlan.  R.  D.  Irving, 
(r(-v,).  Iv,  111:  of  eruptive  rorks. 
^Tio^lol  Levy.  (rev.).  Iv,  303:  of  the 
chief  gei>graphic  features  of  Tex- 
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as,  R.  T.  Hill,  V,  9,  68;  of  Ameri- 
can paleozoic  crinoids,  S.  A.  Mil- 
ler, vl,  275;  of  the  glacial  sedi- 
ments of  Maine,  Geo.  H.  Stone, 
(rev.),  vll,  136;  of  mountain 
ranges,  warren  Upham,  (rev.), 
Ix,  205;  of  the  theories  of  the  or- 
igrin  of  Iron  ores,  H.  V.  Winchell, 
X,  277;  of  the  Cepholopoda  (rev.), 
X,  327;  ditto,  F.  A.  Bather,  x, 
396;  of  the  Dyas,  Trias  and  Jura 
In  northwest  Texas,  Jules  Mar- 
cou,  X,  369;  of  the  Brachlopoda, 
C.  Schuchert,  xl,  141;  of  topogra- 
phic forms,  S.  II.  Porry,  xii,  153; 
of  economic  geological  deposits, 
xlll,  249;  Rules  and  misrules  in 
stratigraphic.  J.  Marcou,  xix,  35; 
of  costal  forms,  F.  P.  Gulliver, 
(abs.),  xxiiy  253;  Ice-contact  of 
glacial  deposits,  J.  B.  Wood- 
worth,  xxlll,  SO;  of  igrneous  rocks, 
Lewinson-Lcssing,  xxlil,  346;  of 
igmeous  rocks  according  to  com- 
position, J.  E.  Spurr,  xxv,  210; 
of  igneous  rocks.  W.  H.  Iiobbs, 
(rev.),  xvll,  52;  of  the  crystalline 
cements,  E.  C.  Eckel,  xxlx,  146; 
Quantitative,  of  igneous  rocks, 
(ed.  com.),  xxxii,  p.  48;  of  sedi- 
mentary rocks.  A.  W.  Graban, 
xxxlll,  228;  New.  of  Blastoidea,  G. 
Hambach,  (rev.),  xxxiii,  45;  Ba- 
trachian  foot-prints,  G.  F.  Mat- 
thew, (rev.),  xxxlll.  259;  Upper 
Cretaceous  of  New  Jersey,  Stuart 
WeUer,  xxxv,  176. 

Clay,  what  constitutes  a  clay,  (ed. 
com.),   xxx,  318. 

Clayey  bands  of  the  drift  of  the 
delta  of  the  Cuyahoga  river,  and 
of  tho  delta  at  Trenton,  N.  J.,  Q. 
F.  Wright,    (rev.),    xxll,   250. 

Clay  and  kaolin  deposits  of  Eu* 
rope,  H.  Ries,   (p.s.n.),  xxl,  266. 

Clays,  origin  and  distribution  of 
Minnesota,  C.  P.  Bcrkey,  xxlx, 
171. 

Clays  and  clay  industry  or  Wiscon- 
sfn.  E.  R.  Buckley,  (rev.),  xxx, 
329. 

Claypole,  E.  W.,  Darwin  and  geol- 
ogj',  I,  152,  211;  Subterranean 
crimmotion  near  Akron.  Ohio.  I, 
190;  The  future  of  natural  gas,  I, 
81;  I-<ako-age  in  Ohio,  (rev.),  I, 
63;  Condition  of  the  interior  of 
the  earth,  I,  3S2;  (p.s.n.),  396; 
Earthquake  tremors  at  Charles- 
ton, S.  C.  11,  135;  Clark's  collec- 
tion of  fishes  at  Korea,  II.  62; 
Glaciers  and  glacial  radiants  in 
the  ire  age.  Ill,  73;  Vascular  na- 
ture of  the  trees  of  the  Coal  Meas- 
ures, III,  55;  The  story  of  the 
Ml55sIsFippl-Mis.«ouri.  III.  361; 
(cit.).  Iv,  337;  Illustration  of  the 
"level  of  no  strain"  in  the  crust 
of  the  earth,  v,  R3;  Making  of 
Pennsylvania,  y,  225:  Paleontolo- 
gical  notes  from  Indianapolis,  vl, 
255;  Notice  of  the  death  of  Frank- 
lin C.  Hill,  vll,  fiS;  Megalonyx  In 
Holmes  Co..  Ohio,  vll,  122.  149; 
Episode  in  the  paleozoic  history 
of  I*ennsylvnnia.  vlil,  152;  Pre- 
Glarial  chann*»l  near  Akron,  Ohio, 
(abs),  vlll,  195;  Deep  boring  near 


Akron,  (abs.).  vlll,  239;  Geologic 
correlation,  (abs.).  vlll,  .251;  New 
fishes  from  the  Cleveland  shale. 
(abs.),  Ix,  217;  The  tin  islands  of 
the  northwest,  Ix,  22S;  (p.s.n.), 
Ix,  282;  Gigantic  placoderm  from 
Ohio,  X,  1;  Geology  of  the  British 
association  at  Edinburgh,  x,  188; 
Dentition  of  Titanlchthys  and  its 
allies,  (p.s.n.),  x,  193;  The  head 
of  Dinlchthys,  x,  199;  A  new  coc- 
costean,  Coccosteus  cuyahogae, 
xl,  167;  Pre-Glaclal  man  not  im- 
probable, xl,  191;  Cladodont 
sharks  of  the  Cleveland  shale,  xl, 
325;  The  three  great  fossil  placo- 
derms  of  Ohio,  xll,  89;  On  Glypto- 
dendron  in  Ohio,  (cit.).  xll,  133; 
Early  man  In  America,  (abs.).  xll, 
175;  Three  new  species  of  pini- 
chthys.  xll,  275;  A  new  species  of 
Carcinosoma,  xlll,  77;  Cladodus,  a 
new  selachian,  xlv,  137;  A  new 
placoderm  from  the  Cleveland 
shale,  xlv,  379:  On  a  new  speci- 
men of  Cladodus  clarki,  xv,  1; 
Recent  contributions  to  our 
knowledge  of  the  cladodont 
sharks,  xv,  363;  (p.s.n.),  xvl,  129, 
828;  Actinpphorus  clarki,  xvl,  20; 
Glacial  notes  from  the  planet 
Mars,  xvl,  91:  Geology  at  the 
British  association  for  the  ad- 
vancement of  science,  xvl,  800; 
The  time  piece  of  geology,  xvll, 
40;  A  new  Titanlchthys,  xvll,  166; 
Ancestry  of  the  upper  Devonian 
placoderms  of  Ohio,  xvll,  849; 
Dinichthys  prentis-clarki.  xvlll, 
199:  Ancient  and  modern  sharks, 
and  the  evolution  of  the  class, 
(abs.),  xvHI,  222:  Human  relics 
in  the  drift  of  Ohio,  xvlll,  302;  A 
new  Dinichthys — Dinichthys  kep- 
leri,  xlx,  322;  International  con- 
gress of  geologists,  XX,  203;  (p.s. 
n.),  XX,  420;  Paleozoic  geography 
of  the  eastern  United  States, 
(abs.),  XX,  200;  Paleolith  and  neo« 
lith.  xxl,  333;  Microscopical  light 
In  geological  darkness,  xxll,  217; 
Glacial  theories — cosmical  and 
terrestrial,  xxll,  310;  The  earth- 
quake of  San  Jacinto,  Dec.  25, 
1899,  xxv,  106.  192:  (p.s.n.),  xxv, 
129;  Notes  on  petroleum  in  Cali- 
fornia, xxvll,  150:  (p.s.n.).  xxvll, 
130;  (obit.),  xxvlll.  247;  Bio- 
graphical sketches,  by  Comstock, 
Richardson  and  Bridge,  xxlx,  30; 
Bibliography,  xxlx,  40;  (p.s.n.), 
xxx,  71;  The  Devonian  era  in  the 
Ohio  basin,  xxxll,  15,  79,  240,  312, 
335. 

Clayton  stone  axe,  (p.s.n.),  xxxl, 
193. 

Cleavage,  different  structures  de- 
scribed under.  Van  Hlse,  (p.s.n.), 
xvll.  125;  Dipcussion  by  Geo  F. 
Becker,    (p.s.n.),  xvll,  126. 

Clements,  J.  M.,  Some  stages  In 
the  development  of  rivers,  (abs.). 
xvll,  126;  Study  of  some  exam- 
ples of  rook  variation,  (rev.),  xxll, 
381:  Contribution  to  the  study  of 
contact  metMniorphi.sm.  (rev.), 
xxlv,  2.=;4:  (and  H.  L.  Smyth), 
Crystal  Falls  iron-bearing  district 
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of  Michigan,  (rev.),  xxlv,  SOS; 
(p.s.n.).  xxvl,  195;  (p.s.n.),  xxxiii» 
C2,    133. 

Clendenin,  W.  W..  fp.s.n),  xlll, 
133;  (p.s.n.),  xv,  130;  Prelimiiiary 
report  on  the  Florida  parishes  of 
east  Louisiana  and  the  blufl, 
prairie  and  hill  lands  of  south- 
west Louisiana,    (rev.),  xvlll,  322. 

Cleveland  water  supply  tunnel,  S.  J. 
Pierce,   xxvlll,  3S0. 

Cllffwood  clays  and  the  Matnwan, 
G.  N.  Knapp,  xxxlll,  23;  ditto,  E. 
W.  Berr>',  xxxlv,  253. 

Climatic  changes  Indicated  by  the 
glaciers  of  North  America,  I.  C. 
Russell,   ix,  322. 

Climatic  conditions  shown  by 
North  American  Inter-glaclal  de- 
posits. I'pham,  XV,  273;  ditto,  G. 
M.  Dawson,  xvl,  60. 

Clinton  iron  ore.  Origin  of,  C.  H. 
Smyth,   Jr.,    (rev.),   x,   122. 

Cllnoplalns  of  the  Rio  Grande,  C. 
L.   Herrick,   xxxlll,  376. 

Close  of  the  twentieth  volume,  (ed. 
com.),    XX,   403. 

Clypeastridae.  A  new  Cretaceous 
genus  of,  F.  W.  Cragin.  xv,  90. 

Coal,  anthracite,  valley  of  the  Bow 
river,  Jas.  A.  Dodge,  I,  172;  Cas- 
cade anthracite  basin,  Geo.  M. 
Dawson,  I,  332. 

Coal,  anthracite,  exhaustion  of,  (ed. 
com.).   Ill,  45. 

Coal  and  metal  miner's  pocket 
book,    (rev.),    xxvlll,    126. 

Coal  deposits  of  Iowa.  C.  R.  Key«fl. 
(rev.),    xlll,   353. 

Coal  field  of  southeastern  Ken- 
tucky, Crandall  and  Hodge,  (rev.), 
i.  65;  of  Cinnabar  and  B«»zeman, 
Montana,  (rev.),  vlll,  54;  of  Mis* 
.<;ouri.  A.  Win  slow,  (rev.),  xl,  271; 
(Vrlllns  of  New  Mexico,  J.  J. 
.«?tovenson.  (rev.),  xvll,  94;  Around 
Ts4  Chou.  China,  N.  F.  Drake. 
•  rev.),  xxxlll.  260;  We.«torn  in'te- 
iif)r.  IT.  F.  Bain,  (rev.),  xxx.  124: 
of  Montana.  J.  P.  Rowe,  xxxll, 
369:  nf  Alaska,  (p.s.n. ».  xxxlv, 
101 :  Bituminous  of  p.Mm.s-ylvanla. 
Oliio  and  WVst  Vir^Mnln.  I.  C. 
White.  (rev.).  Ix.  2**. I:  tif  Xew- 
founrllnnd.  J.  P.  Howl«-y,  <  p.s.n. ^. 
xvil    259. 

Coal  formation.  Side  light  upon,  W. 
S.   Grc.cloy.  xlll,  69. 

Coal  In  Colorado,  A.  Lakes,  (rev.), 
v,  312:  In  the  south  of  EnglJ^nd. 
(p.s.n.).  V,  31*<:  Cannol.  from 
TCootaiiie.  D.  P.  penlnllow.  x. 
S.*?!:  of  Crow's  Nest  p'isp.  Selwyn. 
(nbs.).  xl,  131:  Anthr.iolf^  In  Arl- 
zoT'T.  W.  P.  Blnko.  xxl.  345:  spe- 
rlnl  report  on  Knnsns  con\.  E. 
Hn worth,  (rev.),  xxll.  3S4:  In  low- 
or  >'iphl2nn.  (p.s.n. V  xxv.  59; 
on  Tnrlcoy  cr»  ek.  Colorado,  (p. 
s.n.\  xxxll.  in2:  In  Spltzhorpen. 
J.  J.  Stfven«nn.   (abs.K  xxxv.  192. 

Coal  and  plnnt-be-irlncr  bed«  of 
Australia  and  Tasmania.  Feist- 
mantel,    (rev.),    vl,    320. 

Coal  plants,  vascular  nature  of  the 
tree.  K.  W.  Plnynole.  III.  55;  Pos- 
sible new.  W.  S.  nrev?lry,  xxlv, 
199:    ditto,    xxvl,    49;    ditto,    xxvll, 


6:  of  the  Coal  Measures  of  Missou- 
ri, D.  White,  (rev.),  xxvl,  55;  of 
Indian  territory,  D.  White,  (rev.), 
xxvl,  58. 
Coal  Measures,  chert  In  Iowa,  (ed.. 
com.),  I,  116;  Fossils  from  the 
lower  at  Des  Moines,  C.  R.  Keyes, 

II,  23;  of  central  Iowa,  C.  R. 
Keyes,  II,  396;  Fauna  of  the  low- 
ei:,  C.  R.  Keyes,  (rev.),  II,  432; 
Vascular  nature  of  trees  in,  E. 
W.  Claypole,  III,  55;  of  Indian  ter- 
ritory, H.  M.  Chance,  vl,  238; 
Lower  of  Monongalia  and  Preston 
counties,  W.  Va.,  S.  B.  Brown, 
Ix,  224;  A  new  fungus.  Herzer, 
xl,  365;  Unconformity  with  the  St. 
Louis,  C.  R.  Keyes,  xll,  99;  Dac- 
tyloporus  archueus.  Herzer.  xll, 
289:  Unio-like  shells  In  Nova 
Scotia.  Whiteaves.  (rev.),  xlll, 
193;  of  Blount  mountain,  Gibson, 
(rev.),  xlll,  284;  of  Big  Stone  gap, 
M.  R.  Campbell,  (rev.),  xlv,  392; 
New  trilobite  from  Arkansas,  A. 
W.  Vodges,  (rev.),  xvl,  262;  of 
western  interior  coal  field,  H.  F. 
Bain,  (and  A.  T.  Leonard), 
(abs.),  xxll,  251;  Horizon  in  New 
Mexico.  Herrick  and  Bendrat, 
xxv,  234;  of  Kansas,  C.  R.  Keyes, 
xxv,  847;  Fire  clays  of.  T.  C. 
Hopkins,    xxvlll,    47;    in    Arizona. 

E.  T.  Dumbl6,  xxx,  270;  Bryozoa. 
Nebraska.  G.  E.  Condra.  xxx, 
337;  Erratic  boulder  in 
Tennessee,  S.  W.  McCallle,  xxxl, 
46;  Footprints  In  the  Joggins,   G. 

F.  Matthew,   (rev.),   xxxll,  54. 
Coal  mining  in   Pennsylvania,    (p.s. 

n.),    xxvll,   390. 
Coals  of  Colorado,  J.   S.  Newberry, 

(rev.).   II,  429. 
Coal  mines  in  China,  and  In  British 

Columbia,   (p.s.n.).   Ill,  62. 
Coal  oil  at  Florence,  Colo.,   (r  s.n.), 

III,  62. 

Coarseness  of  Igner>us  rocks  and 
its  meaning,  A.  C.  I-Ane,  xxxv, 
65. 

Cohen.  E.,  Meteoritenkundo.  (rev.). 
XV.  32S. 

Coast  ranges  of  California,  pre- 
Crotaceous  rocks  of.  H.  W.  Fair- 
banks, xl,  69:  Notes  <in  the  geol- 
'^gy  of.  Turner  and  Stanton,  xlv, 
92;  Contribution  to  the  geology, 
A.  C.  Lawson.  xv.  312:  Coast 
ranges,  ago  of,  F.  L.  Ransome, 
xlx,    66. 

Cole.  Granville,  A.  J.,  (p.s.n.).  xvll, 
257. 

Coleman,  J.  P.,  Inter-glaclal  fos- 
sils from  the  Don  valley,  xlllt 
85:  Geology  of  the  Rooky  moun- 
tains between  Saskatchewan  and 
Athabasca,  xlv,  83;  Rainy  Lake 
gold  region,  (rev.),  xvl.  313;  The 
Iro(|uois  beach  at  Toronto  and 
Its  fossils,  (rev.),  xxlll,  103;  The 
Huronlan  question,  xxlx,  325; 
Duration  of  the  Toron*.>  inter- 
glnrinl   epoch,    xxlx,   71. 

Collecting  fos.«IlP  In  the  Cincin- 
nati shales,  H.  E.  Dlekhout.  xxlll, 
335. 

Collenot,  J.  J.,  (obit.),  xl,  363. 
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Collet,    John,    (obit.),    xxili,   33S. 

Colile,  G.  L.,  Geology  of  Conanicut 
ishind,  U.  I.,  (revj,  xv,  3a6;  Ori- 
gin of  conglomeniit:.-?.  Uev.). 
xvii,    126. 

Collier,   A.  J.,    (p.s.n.).   xxxiv,  67. 

Colorado,  Geology  and  mining  in- 
dusiiy  of  Leadville,  S.  F.  Em- 
mons, (rev.),  I,  194;  Coals  of,  J. 
S.  Newberr>-,  (rev.),  II,  429;  Coal 
oil  at  Florence,  (p.s.n.),  ill,  62; 
Mesozoic  of  southern,  J.  J.  Stev- 
enson. Hi,  391;  Extinct  volcanoes, 
A.  I^akes,  v,  38;  Ore  deposits,  A. 
Lakes,  (rev.),  v,  57;  Coal  dvpo.-lts. 
A.  Lakes.  (r»'V  ).  v,  312;  Fossil  but- 
terflies of  Florissant,  S.  H.  Scud- 
der.  (rev.),  vl,  197;  Geology  and 
physiography  of  northwestern, 
C.  A.  White,  (rev.),  vli,  57;  Fish 
remains  in  lower  Silurian,  C.  D. 
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pletz.    x,   271>;   t.if  n    terrace.    N.    P. 
N<l-on.    xll.    12;'.:    Of   the    QuMter- 
nirv    deptslt.s    «  f    MI<^souri.    J.    E. 
T' <'(1.    (p'V.>.    xvlll.    3<i7:    Of    new 
ri vinos.   E     Li?i<'oln.   xxl,  320. 
Forster.  W.  G.,  On  eirthquakes.  ill, 

lv2. 
Forjeyth- Major.   Tertiary    mammals. 

xM.  r.^». 
Fort      T.'nlon      f'-^-matlon.      W.      H. 
W«M'd.    xvlll.   201. 


Foshay,  P.  Max  (and  R.  R.  Hice), 
Glacial  grooves  at  the  margin  of 
the   drift,    (rev.),    vill,    ISS. 

Fossils,  range,  relations,  morphol- 
ogy  and  reviews. 

Montlculiporold     corals    of     the 
Cincinnati    group,    James,    (rev.), 
I.     59;     Spiral    bivalve    from     the 
Waverly  of  Pennsylv.inla,  Beech- 
er,  (rev.),  i,  60;  Summit  plates  or 
Blastoids.    Crinolds,   and  Cystolds 
and  their  morphological  relations,    . 
Wachsmuth   and   Springer,   (rev.), 
i,    til ;    Caiinae   on    the    septae   of 
rugose    corals.    Mary    E.    Holmes, 
(rev.),   I.  (?1;   Prlnmrdlal  from   Mt. 
Stephens.   Romlnger.    (nv. ),   i,  61; 
Extinct    peccary   In  'Michigan.    A. 
Wlnchell.   (p.s.n.).  i,  67;  Range  of 
Hamilton    in    western    Ontario. 
Calvin.     I,    SI;     Ovlbos    cavlfrons 
from    the   Lne.ss   of   Iowa.    McGee, 
(rev.).    I,    126:    Duplicates    of    the 
flora    of    the    Dakota    group,    (p.s. 
n.).  I,  133;  Post-Pliocene  llmnel,d. 
Call,  I,  146:  Of  the  L)ess  at  Iowa 
city.    Shlmck.    I.    149;    Range    of 
Lower  Silurian.  Tlrich.  I,  100.  179: 
Sceptropoia  and  Helopora,  Ulrlch, 
i,    22S;     Cretaceous     lnvert»»))rata 
from       Brazil.       C.       A.       White, 
(rev.).        i,      257;      Structure     an<j 
affinities      of      Parkerla.      Nlchol- 
sor,     (rev.).     I,    2.'..';     New    genus 
of        ciinoids        from        the      Ni- 
agara.   S.    A.    Miller,    i.    2»;3;    No- 
moiM'lature    of    (Mnclnnatl    fossils. 
J.    F.   James  and    E.    O.    I'lrlch.    1. 
33:5:    Monticullpora    a    coral      and 
not    a    Polyzooii.    J.     F.    James.    I, 
3C3!     RM'l'Jis'n     })ont  s.     Lydekker. 
(p.s.n.).   I.  3;m;. 

Psammlchnltes  and  other  trllo- 
bltfs.  Matthew.  11.  1;  Of  the  Ta- 
conlc.  Marcou.  11.  10;  Of  the  Low- 
er C<»al  Measures  at  Des  Moines, 
Knyes,  II,  23;  Algae,  Malllard. 
(rev.).  11.  .'.4.  Plants  of  the  Lar- 
amie. Ward.  (rev.).  56;  Archean 
plant  In  the  limestones  of  Sussex 
county.  N.  J.,  (rt'v.).  11.  BS; 
Clark's  coll»'Ctl«>n  of  tishes  at  He- 
rra.  Claypolo.  II,  62;  Paradoxldes 
davldls  In  Britain.  Marcou.  (clt.), 
11,  77;  Ppic'ub's  In  Archeocyathus 
mlngant-nsls.  Hind«\  (rev.).  11,  128; 
Glyphastrea  and  Septastrea 
Hlnde.  (rev.).  11,  127;  Sponges 
from  Splzb«»nren.  Hlnde.  (rev.), 
II,  12S;  Svncarlda.  Packard, 
(rev.).  II,  i31;  New  trll- 
r)blte  from  New  South  Wales, 
Woodward,  (rev.),  II.  132;  Rela- 
tions of  the  relics  of  fossil  fish, 
Traqualr.  (rev.).  11.  133:  Eozoon. 
Is  it  organic.  (Am.  com.).  II.  175: 
Paleozoic.  Foerste  (rev.),  ill.  50; 
Fishes,  purchased  by  Dr.  New- 
berry, (p.s.n.).  Ill,  64;  Wood  and 
llgpltes  of  the  Potomac  formation, 
F.  H.  Knowlton.  III.  99;  Waverly 
srroun  and  B'^dford  .*?hale.  Ohio. 
Hrrrlck.  Ill,  94;  Homosteus  and 
Coccosteus.  Tratjualr.  (rev.).  Mi. 
1i'>:  Lower  Cambrian  of  North 
Wales.     Hughes,     (rev>..     III.     150; 
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Gryphaea  piicherl  MarcQU,  III, 
188;  Ventral  structure  of  Taxo- 
crinus  and  llaplociinus,  Wach- 
smuth  and  Springer,  (rev.),  ill. 
200;  Crotalocrlnus.  structure  and 
zooloerical  position.  Wachsmuth 
and  Springer,  (.rev.).  Ill,  201, 
Brachiospungidae.  Beecher,  (rev.; 
Ill,  268;  Three  Kinderhook  fossils, 
Rowley,  Hip  275;  Variation  exhib- 
ited by  a  Carbonic  gastropod. 
Key  OS,    ill,    330. 

Diphyphyllum,  Sherzcr,  Iv,  93; 
Remarkable  forms  of  Crinoidea, 
Beachler,  iv,  102;  Hawksbury-Wi- 
anamatta  series.  New  South 
Wales.  Etheridge  (rev.),  iv,  lO'J; 
Tertiary  flora  of  Australia;  Et- 
tlngshausen,  (rev.),  Iv,  110;  Dis- 
tribution In  the  Loess,  Keyes,  Iv, 
119;  Fishes  and  plants  of  the  At- 
lantic Triassic,  Newberry,  (rev.), 
Iv,  187;  Subgeneric  groups  of  Na- 
ticupsis,  Keyes,  Iv,  193;  Trinity 
formsiiloii  in  Arkansas,  Alarcou, 
iv,  S6S. 

Canibro-Silurian  from  Manito- 
ba, AVhitL'uves,  (rev.),  v,  58;  Of 
the  Trinity  beds.  R.  T.  illll,  v, 
62;  Invertebrate  from  the  Pacitic 
coast,  White  (rev.),  v,  109;  Plants 
from  the  Erian  and  Carbonifer- 
ous, J.  W.  Dawson,  (rev.;,  v,  ISO; 
I'aleozoic  gymnosperni,  Dawson, 
(rev.),  V.  1{>0;  Cretaceous  reptiles, 
O.  C.  Mrsh,  (rev.),  v,  181;  Cat- 
alogue of  X.  Am.  paleozoic  Crus- 
tacea (non-trilobitic),  Vogdes. 
(rev.),  V,  IbS;  Straparollus  from 
southeastern  Iowa,  C.  R.  Keyes. 
V,  193;  Conulara  mI.«>souritnj;is, 
Calvin,  v,  207;  I^ruvince  <f  Quo- 
bee  mentioned  in  Dr.  Eils'  lepori, 
Ami,  (rev.),  v,  247;  Plants  in  the 
Raverjlie.'id  collection,  Kidston. 
(rev.),  v.  249;  Agaricuciinus,  of 
the  Keokuk,  Gordon,  v,  257:  Ter- 
ebellmn  in  American  Tertlarios, 
Harris,  v,  315. 

Platyceras  and  Capulus,   Keyes. 
vl,  r»;  Devonian  plants  from  Scot- 
land,     Dawson,      (rev.),      vl,      5G; 
Mammalia   of   the   l.'intah   forma- 
tion, Scott  and  Osborn,   (rev.),  vl, 
56;   Natural   easts  of  crinoids  and 
blastoids,    Rowlev     vl.    or, :    Radlo- 
lar!a  in  chert  of  Viio  Lower  Silu- 
rian.  Uliide,    <p.sn.),  vl,  On;   New 
species   Slnii».'-t>n    (n.*v.),     vl,     122; 
(Jent'.si.s  of   the  Arietidae   (llyait^ 
J.    Mareou,  .  vl,    12s;    h'ynopyis    of 
Carhtiiiic      r*nlyptraeidao,      K<ye.^. 
(rev.),   vl,    L'lS:   Ptciichihys,   Cas- 
toroi»h-.-r.    I'^nru.<j<>ma,    Claypole,    vl, 
2j5;  (""la-ssitlcation  of  crin<.i<l.s  into 
families,     S.     A.     Miller,     vl,     275; 
340;,    Niflmlson     and     Lydekker's 
Paleontology,    (rev.»,    vl,    312;    vil, 
5.S;  Fislxs  In  the  I  lawkeshuiy  se- 
ries,   .\ .    S.    Woodward,    (rev.;,    vl, 
322:     Western     Australia     fos.^lls. 
Nicholson,    llinde.    (rev.),   vl,   404; 
P;ilO(»zoic     and     Me.^ozolc     plant.^. 
Feist  mantel     (rev.),    vl.    320:     lio- 
malns      considered      as      peculiar 
kinds  of  marine   phuits.   Loscjuer- 
eux.    (rev. »,    vl,    322;    Stolicjkaria 
and    Syrlngosphaerldae.    Duncan, 


(rev.),  vl,  323;  Geograpical  dis- 
tribution of  fossil  plants,  L.  F. 
W^ard,  (rev.),  vl,  323;  Paleozoic 
fishes  in  N.  America.  J.  S.  New- 
berry, (rev.),  vl,  323;  Wood  and 
lignite  of  the  Potomac  formation, 
Knowlton,  (rev.),  vl,  324;  Gomo- 
phyllum  pyramldale  Hislnger, 
(p.s.n.),  vl,  326. 

Burrows    and    tracks    of    inver- 
tebrates,   Dawson,    (rev.),   vil,  55; 
Mopralonyx     In      Holmes     c«»unty. 
Ohio.  E.  W.  Claypolc,  vil.  122.  142. 
149;    Ditto    in    Knv.sa^.    J.    A.    I'd- 
den.   vil,  340;   Mammals   from   the 
White  River  and  Loup  Fork  for- 
ma tions.  Scott  and  r»sborn.  (lev.). 
vil,    13.');   Cyclosphaf^ronea    r»ii,,hn- 
turn.  IT.  Woodward  (rev.),  vli,  196; 
«     Fish   remains  in   the  Lower  Silu- 
rian   (p.s.n. \    vil,    20<?,    329;    P-ri- 
somlc    plates    of   crinoids.    Wr»ch- 
smuth    and    Springer,    (rev.),    vli, 
255:      Zoantliaria      rugosn.      chart 
if  cla.«;sifloatlon,  Sherzer.  vil.  276; 
Mastodon  in  Virginia   (p.s.n.'^.  vli, 
335:  Paleozoic  Crustacea.  Plblf'^er- 
raphy.    Vogdes,     (rev.),     vil.    379: 
TrionxTC   from    Malta.     Lyilrkkcr, 
(rev.),  vli,  3i>l;  Pale«.isyops  and  ai- 
iieu  genera,  Earle,  uev.;,  vii,  351; 
Dictionary   oi,    Lesley,    (rev.h   vli, 
352;     Contributions     to     inverte- 
brate,   Wliimeid,    (rev.;,    vii,    1^53. 
Iveceni     graphiolitic     liierature, 
R.   R.   Guriey,   vill,   35;   jbot>.sii   in- 
sects,    fccuduer,     (rev.),    vni,    u2; 
JL>ino>auria,   Laur,    (rev.;,   vio,  on; 
'iwo    new    reptiles,    Seeiey    (lev.;, 
vhi,    6t;;    Fiih    lemains    iii    Lower 
Siiuriaiit;,  .Malthe^v,  vlll,  61;  bup- 
pofceu     Trenton    fossil    hsh,.     (ed. 
com.),      vill,      178;       Intumescens 
fauna.  J.  M.  Clarke,  vill,  i>6;  Some 
new  species  of  crinoids  and  bias- 
toids,    Rowley    and    Hare,    uev.), 
vill,    186;    Carboniierous    cephalo- 
pods,   A.   Hyatt,    (rev.),   vlli,   l^;; 
Coral      from      'J'oxas,      Cummins, 
(rev.)  vlll,  187;  Mastodon  in  Flor- 
.ida,    (p.s.n.;,   vlll,  I'Jl;   Megalonyx 
in  Big  Bone  cave,  bafford,  (abs.), 
vlll,    11*3;    Equus    excelsus.    Cope, 
(abs.),  Vlll,  231;  Avi-fauna  of  bil- 
ver  Lake  region.  Shufeldi,   (abs.), 
vlll,   23o;    Carboniferous   in    New- 
foundland,    Dawson,     (rev.),    vlll, 
2>y;   l»oebrotherium,   Scott,   (rev.;, 
vlll,  327;  Eozoon,  Tudor  specimen, 
J.    \V.    Gregory,    (lev.;,    vlli,    32.s; 
New         Biachlopod.s,        Whitrioid. 
(rev.),    vlll,    3y7;    Fossil    botany. 
Liiubauch,    (rev.),    vlli,    397;    Fos- 
sil     resins,      Lown     and      Booth, 
(rev),    viii,   3'.i8; 

From  Saskatchewan  , Whit- 
eaves,  (rev.),  Ix,  oil;  Silurian  and 
Devonian.  Jones,  (rev.),  Ix,  56; 
Fisheh  rfoin  S.  Dakota.  Cope, 
(rev.  >.  Ix,  57;  In  the  Lafay<*tte 
formation  in  \'irK:Inla.  N.  H.  Dar- 
ton,  Ix,  ISl:  On  certain  trilobites, 
J.  M.  Clarke,  (lev.),  Ix,  202.  203; 
Panonka  gr;«ndi.<:.  Whiieaves. 
(rev.).  Ix.  211:  Pauci-.'-piral  oper- 
cula  «.if  gastropoda,  Whiteaves, 
(rev.).  Ix'  211:  (»orgonichthys, 
Claypolc,    (abs).    Ix,    217;    Paleo- 
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paleomon  newberryi,  Whitfield, 
ix.  237;  CamluUm  in  Eocene 
KravelH,  J.  B.  Woodworth,  Ix,  243; 
raloozoic  fishes.  Cope,  (rev.),  ix, 
203;  Parl<a  decipiens.  Dawsun  and 
Peiiholluw,  (rev.).  Ix,  341;  LJtu- 
it«»s.   Holm.    (rev.>.    Ix,  343; 

CluiL-lctos  in  Devonian  strata, 
C.  Kominijer,  x.  56;  Tertiary- 
plants  from  Bolivia.  Britton, 
(n-v.).  x,  63;  Chonophyllum, 
Shorzer,  (rev.),  x,  66;  Of  the 
Hudson  River  in  Manitoba.  Whit- 
eaves,  (abs.),  X.  67;  Cretaceous 
flora,  Dawson  (abs.).  x.  6S;  Or- 
thoceratidae  of  Winnipeg,  Whlt- 
eavfs,  (rev.),  x,  124;  Attachment 
of  Heterocrinus,  Dyche.  x,  130; 
Dinlchthys.  Head.  E.  W.  Clay- 
pole.  X,  i;»U;  Ot-nera  of  paleozoic 
brarhiopoda.  Hall.  (rev.),  x,  251; 
Development  of  Brachiopoda. 
Boecher,  (rev.),  x,  253;  New 
fos.««ils  and  structural  parts. 
Miller        and         Faber.  (rev.), 

x,      :J16;      Ditto,       Miller,      (rev.), 
X.  n23:  Cla.«={»Itioatinn  of  ihe  Ceph- 
alopoda,     Bather,    (rev.),    x,    827, 
3!>»i:     Pr<»t«»lenus,     a     n"W     genus, 
M.'itlhew.     (THV.).    X.    327. 

Palaeaster  euchails,  Cole,  (rev.), 
xl,  120;  L'rsus  ferox  from  Malta, 
J.  M.  Cook.  (rev.),  xl,  275;  Resin 
from  Burma.  O.  Helm,  (rev.),  xl, 
275;  rale<)>arcus  dawsonl.  Hinde, 
(rev.),  xl,  275;  Hyena  and  other 
carnivora  from  Texas,  Cope, 
(rev.),  xl.  276;  Revision  of  Cain- 
ozoic  echinoi<lea,  J.  W.  Gregory, 
(rev.),  xl.  360;  New  fern,  D. 
White,   (rev),  xl.  412. 

Ranpe  of  Chouteau  fossils.  R.  R. 
Rowlev.  xll,  49;  Cerlonltes  dacty- 
loides.  Calvin,  xll.  53;  Conrad's 
Tertiary  shells  of  N.  America, 
O.  D.  Harris,  (rev.),  xll.  60; 
Castoroides  ohioensis,  Jos.  Moore, 
xll,  67:  (^f  the  Ozark  series, 
Broadhead.  xll,  79:  Of  the  MIs- 
siFsIppi  series  in  Missouri. 
Broadhead.  xll,  S3:  Three  great 
fo.ss!l  placoderms  of  Ohio,  Clay- 
polf»,  xll,  89;  Titaniohthys,  Clay- 
pole,  xll,  95;  Dinlchthys.  Clay- 
pole,  xll,  94:  OorKoniohthya 
rlarki.  Claypole.  xll,  97;  Corals 
desrrlbed  by  D.  D.  Owen  In  1839. 
S.  Calvin,  xll,  U^S:  Eoznon  can- 
adense,  (p.s.n.).  xll,  131;  Glypto- 
df»n*li<^»n  and  other  so-called  Si- 
lurian plants  from  Ohio.  Foerste. 
xil,  133;  Tertiary  mammals  from 
France  and  Italy,  with  br'ef  de- 
scriptions. J.  Eyerman.  xll,  159; 
T^rebratalia  Beecher.  (rev.), 
xll,  18S:  Triarthrus  l.eckll.  Mat- 
thew, (rev.),  xll,  lt»3:  P'auna  of 
the  St.  .Tohn  prrou]^.  Matthew. 
»r»v.).  xll,  193;  Arthrophycus 
harlani.  (p.s.n.).  xll.  207;  Ortho- 
•  oras.  specific  characters.  Foer- 
ste. xll,  232:  SponRlem  aus  dem 
.Archaiciim.  H.  R.auff.  (rev.),  xll, 
2«;i ;  Flora  of  the  Dakota  group. 
Lcsquereux.  (rev.),  xll,  328:  Gas- 
teropr)da  and  cephalopoda  of  the 
Riritnn  clays.  Whitfield,  (rev.), 
xil,  329:  Cretaceous  fossil  plants 
f'om        Minnesota.        I.,e.sf|uereux, 


(rev.),  xll,  330;  Microscopical 
fauna  of  the  Cretaceous  In  Min- 
nesota, Woodward  and  Thomas, 
(rev.),  xll,  330:  Sponges,  grap- 
tolltes  and  corals  of  the  l^wer 
Silurian  of  Miimesota,  Winchell 
and  Schuchert,  (rev.),  xll,  331; 
Lower  Silurian  Bryozoa  of  Min- 
nesota. T'lrich.  (rev.),  xll,  331: 
Lower  Silurian  Brachiopoda  of 
Minne.-^otM.  Wi'ichell  and  Schu- 
chert.  (rev.),  xxl,  332:  British 
paleozoic  phyllopoila.  Jones  and 
Woodward,  (rev.),  xll.  332:  Hy- 
olithldae  and  Conularlidae,  Swed- 
en. G.  Holm.  (rev.),  xll,  334; 
L,ar\'al  forms  of  trlloloites  from 
the  Lower  llelderberg.  C.  E. 
Beecher.  (rev.),  xll,  334;  Devo- 
nian faun<i  of  Altai.  Tscherny- 
schew.  (rev.),  xll.  335:  Protospon- 
pla  rhenana.  C  ScbHIter.  (rev.), 
xII,  335;  Ronvllllgraptus  rlchard- 
sonl.    Barrols.    (rev.),     xll,     336. 

Triarthrus  becki.  C.  E.  Beech- 
er. xlll,  ..s;  Ditto,  (rev.),  xlll, 
■»28:  Interelaclnl  at  Toronto. 
CoVmnn.  xlll,  85:  Algae  as  ge- 
ological guides.  James,  xlll,  95; 
Revised  chL^sificatlon  of  the 
fjnjro-be.nrlng  brachiopoda.  Schu- 
chert.  xlll,  102;  Invertebrate  of 
Texa".  Origin,  xlll.  124:  Repub- 
llce.tion  of  crlnoldea.  Whitfield, 
.xlll.  124:  Spire-boaring  brachio- 
poda. Schuchert.  xlll,  128; 
Furvrterina.  Lauile.  xlll,  125; 
(Carboniferous  bjitra'^blans  Diw- 
S'ln.  xlll,  137:  Horned  rhi- 
noceros from  The  Loon  Fork 
beds.  J.  B.  Hatcher,  xlll.  149; 
Evolution  of  brachiopoda.  Asnes 
Crane,  (rev.),  xlll,  191:  Creta- 
ceons.  at  the  Columbian  Expo- 
sition, (ed.  com.),  xlll,  1S.">:  I'nlo- 
like  shells  in  the  Coal  Measures 
at  the  South  Jogglns.  Whlteives. 
(rev.),  xlll,  193:  Food  habit  of 
Ploslosniirs.  WIlII«ton.  (n.s.n.). 
xlll,  206;  C.nrbnnlferons  fiora  of 
ATiq.qniirl  p.  Whlt'^.  (rev.),  xili. 
283:  T  Ichas  (T'rallchas)  ribelrol. 
PHgrado.  (rev.).  xMI,  284:  Lento- 
desma:  Composite  generic  fimda- 
ment.n.  J.  M.  Cla'ke.  xlll,  286; 
Tertlnrv  at  the  Columbian  Ex- 
nosltlon.  T.  W.  Stanton.  xiil, 
2S9:  Olnold^a  of  Gotland.  Bather, 
(rev. '»  xlll,  3.'.':  Di<'<»ratherium  In 
the  White  River  beds.  S.  D:»k., 
J.  B.  Hatcher,  xlll,  360;  Inver- 
tebrates from  the  Paleozoic  of 
Tlliu«»ls  and  adjact  nt  states.  Mil- 
ler and  Gurley.  (rev.),  xlll,  256; 
Xf'W  subord<*r  of  Ancylopmla.  H. 
F.  Osborn.  (rev.),  xlll.  357:  Evo- 
lution of  teeth  in  Mammalia.  Os- 
born.  (rev.),  xlll,  357;  Anatomy 
of  rinichthys.  Bashford  Dean, 
(rev.),  xlll,  357;  Notes  on  Crus- 
taceans. Bergeron.  (rev.),  xlll, 
42S:  Duslla.  Jahn.  (rev.),  xiil, 
428  Devonian.  In  Brazil.  Am- 
mon.  (rev.),  xlll,  427;  Appendag- 
es of  Triarthrus.  Beecher.  (rev.), 
xlll,  428:  Baltic  Silurian  trilobltes, 
Schmidt,    (rev.),    xlll,   428: 

Llrlodendron    In    Colorado.      A. 
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riovJ.       xvll, 
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anu  1  «»rpnyiies.  C.  R.  Kayos, 
(abs.).  xvll,  91;  (p.s.n.).  xvll,  84G; 
Survey.  Sneet,  No.  4,  C.  R. 
Keyes,  (rev.),  xvll,  3i)l ;  Arcal 
geology,  vol.  Ix,  C.  R.  Keyes, 
(rev.  Kxvlll,  321;  Quaternary  de- 
posits. J.  E.  Todd.  (rev.),  xvlli, 
387;  Lead  ores.  A.  Winslow, 
(rev.),  xlx,  G3;  Biennial  report, 
1897.     C.      R.      Keyes.    (rev.),   xlx, 

'  350;  (p.s.n.).  xlx,  3G4;  Cote  Sans 
Dessein.  C.  F.  Marbut.  xxl,  86; 
Use  of  the  term  Augusta.  C.  R. 
Keyes.  xxl,  229;  Osage,  versus 
Aujfusta,  Stuart  Weller,  xxli,  12; 
Classification  of  the  MLssissippluii 
series.  C.  R.  Keyes,  xxll,  108; 
Principal  Mlssourlan  section,  C. 
R.  Keyes.  (abs.),  xxli,  :i51;  Green 
county,  E.  M.  Shepard.  (rev.), 
xxiv.  184;  Correlation  In  the 
Ozark  region.  O.  H.  Hershey, 
xxlv,  190;  New  fossils.  R.  R. 
Rowley,  xxv,  261;  Upland  loess, 
O.  H.  Hershey,  xxv,  369;  Fauna 
of  the  Burlington,  R.  R.  Rowley, 
xxvl,  245;  Peneplains,  of  the 
(Jzark.  O.  H.  Hershey,  xxvll,  25; 
New  fossils  from  the  Paleozoic. 
R.  R.  Rowley,  xxvll.  343;  Camb- 
rian formation,  of  the  St.  Fi*anc- 
ols  mountains.  C.  R.  Keyes, 
xxvlil,  51;  New  fossils  from  thq 
sub-(7arbonIferous,  R.  R.  Row- 
It  y.  .xxlx,  303;  New  Madrid 
earthquake.  G.  C.  Broadhead, 
XXX,  7(»:  Evolution  of  southeast- 
ern. C.  F.  Marbut.  (rev.),  xxx, 
387:  Bituminous  and  Asphalt 
rock=;.  (J.  C.  Broadhead.  xxxli,  59; 
l*tychosplra  sexpllcata.  D.  K. 
Gregor.  xxxlll,  15;  Rhynchopora, 
1).  K.  (ireger.  xxxlll,  297:  Sur- 
face deposits.  G.  C.  Broadhead, 
xxxiv,  6(1;  Saccharoidal  sand- 
stone, G.  C.  Broadhead.  xxxiv, 
105;  Echlnodermata  and  a  new 
brachiopod.  R.  R.  Rowley,  xxxiv, 
2o9;  Pah^ontology,  R.  R.  Rowley, 
XXXV,  301. 

Mlssourlan  series  of  the  Carbonif- 
erous.  C.    R.    Keyes,   xxlll,   298 

Missouri  river,  G.  C.  Broadhead, 
Iv,  148;  Land  sculpture,  L.  E. 
Hicks,  (rev.),  xl,  312;  Age.  War- 
ren  I'pham,  xxxiv,  80. 

Missing   link.    (ed.   com.),  xvlll,  179. 

Mississipplan  Series  of  central 
Iowa.   H.   F.    Bain,   xv,   317. 

Mississippi,  Tertiary,  (Am.  com.), 
ii,  27S;  Middleton  formation,  J. 
M.  Safford.  ix,  fi3;  Drainage  sys- 
tf'm,  L.  G.  Westgate,  xl,  245; 
Natchez  formation.  T.  C.  Cham- 
hrrliii.  <ab.s. ).  xvll,  108;  Outline 
history  of  the  survey.  E.  W.  Hil- 
Kard.  xxvll.  284;  Loess  of  Nat- 
chez.   H.   Shim(k.  XXX,  279. 

Mississippi       series,  Broadhead, 

(cit.).   xll,  82. 

Mississiool-Mlssourl,  E.  W.  Clay- 
pole,  ill,  3(il. 
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Mississippi  river.  Report  on  Glaz- 
ier'«s  claims,  ix,  411;  Source. 
N.  II.  Winchell.  xvi,  323;  When 
was  the  valley  formed?.  P.  J. 
Farnsworth,  xxviii,  393. 
Mississippi    River  delta,    gTt)wth   of. 

Warren   Upham,   xxx,   103. 
Mistockies,    N.,     Untenableness     of 
the    Nebular    theory,      xxxlv,    226; 
310.  361. 
Mitchell     county.        Texas,     G.      C. 

Broadhead.   ii,  433. 
MItteidevon  Im  Rheinische  Gebirge, 

K.    Ilolzapfel,    (rev.),   xvl,  389. 
Mittheilungen       niineral,        Institut 
Kiel,      l.ehmann,    Bd.    1.    Heft,    1. 
(rev.>.   iii,  150. 
Mixer,  T.   K.,  New     Devonian     fish 
fauna,  of  New  York,  (rev.),  xvlil, 
2^3. 
Moberg,   J.   C,   Posidonomya   schist 
(»f   Sweden,    (rev.),   xvll,   fuTi;    (and 
Moller).    Oionus  schi.st  of  Scandia, 
(rev.),    xxll,    383;    Supplement    till 
am     Acerocarezonen     en     trilobit 
friin   Sksines   DlctyogXHptus.skIffer, 
(rev.),     xxlii,     123;     Trlk>bites     in 
Sweden,    (rev.),    xxiv,    59;    Calcite 
crystals   In   Norway,    (rev.),   xxiv, 
59;  (and  N.  O.  Hoist),  Two  glaci- 
al periods  in  Sweden,   (rev.),  xxv, 
121;    BidraK   till    Kanncdomcn  om 
Trilobitornas       Byggnad.       (rev.), 
xxx,  390;     'Ihe     valley  of  Sularp, 
(n-v. ),    xxxi,      53;    Sclimah  nseela 
ami>hi<»nura.       a     new     Trllobite, 
(lev..),    xxxi,   316. 
Mode    of    occurence    of    topaz    near 
Ouro   IMeto.    O.    A.    Derby,    (rev.), 
xxvli.   1S5. 
Models   at    the    fair,    W.    M.    Davis. 

xii.    340. 

Modern       geology     and      scholastic 

methods,   H.   H.    Howorth,    (rev.), 

xxxvi,  125. 

Modified    drift    and    the    C!hamp1ain 

eroih.  Warren  I'pham,  xxiil,  319. 

Modiolopsis  ol)lonKa,     J.    F.   James. 

vl,  67. 
Moffet,   F.   H.,   (p.s.n.).  xxxli,  64. 
Mohawkite    ot    lake    Superior,    (p. 8. 

n.).  xxix,  395. 
Moissan    H.,   Diamonds  In  meteoric 

stones,    (p.s.n.).    xi,    282. 
Molengraaf,  A.  F.,  Glacial  origin  of 
the    Dwyka    ^conglomerate,    (rev.), 
xxiii,  2r>9;  (leology  of  South  Afri- 
can   repul)lic,    (rev.),    xxvlil,    265; 
Moilusca   and   (7iustacea  of  the  Mi- 
ocene     of      New      Jersey.      R.    P. 
Whltrteld.  (rev.),  xvl,  391. 
Monadnock,    F.    P.   (julllver,    (abs.). 

xxli,   2r.3. 
Monocladodus   clarki    and    pinnatus. 

K.   W.  (Maypole,  xi,  329. 
Monograptidae      of      the      Scanlnn 
llustrites    b«'d.'*.    S.    L.    Tornqulst, 
(rev.),   xxiii,  3S3. 
Mono   valley.    Cal..   Quaternary   his- 
tnrv.      I.      C.    RusHell.    (rev.),    vl, 
54. 
Montagne    Pel^e,    et    ses    Eruptions, 
A.    Laoioix.    (lev.),   xxxvi,  316. 

Montana  Iron  butte.  S.  Calvin, 
iv,  93;  Cretaceous  reptilian  forms, 
I^iramie.  O.  C.  Marsh,  (rev.),  v. 
isi ;   Cinnabar  and   Biiseman  coal 


fields.    W.    H.    Weed.    (rev.),    viil, 
54;      Tlcholeptus      btd.»*.      (p.s.n.), 
Ix,    282;    Gold    in    placers,    H.    R. 
Wood,  ix,  371;  Two  Montana  coal 
fields,     W.     H.     Weed.     (rev.),    x, 
181;   The  Crazy  mountains.   J.    E. 
vVoirr.      (rev.),     x,     319;     A    little 
known     regrion     in   northwestern. 
G.  E.  Culver,  (rev.),  xl,  412:  i-ar- 
amle  and   the   Uvlngfiton.    \N .    H. 
Weed,       (rev.),       xiv,     3'Jl ;     Kort 
Union      formation.    W.    M.    Weed, 
xvlii,     201;      (p.s.n.).     xviii,     4(H; 
Notes  on   Butte,    and    It.^  ore   de- 
posits.   J.     F.     Kemp.    (abs.).    xx, 
65;      Cubanite     at      Butte.    H.    V. 
Winchell.  xxli,  245;  IHos.slls  in  the 
Algonklan.  C.   D.    Walcolt.    (abs.\ 
xxlii,      99;      Parisite      in    Ravalli 
county,      Penfield      and      Warren, 
(rev.),       xxlv,     318;     Little     Belt 
mountains,    W.    II.    Weed.    (re*.), 
xxvii,   254;    Note   on   certain   cop- 
per     minerals.      A.    N.    Winchell, 
xxvili,   244;  Judltli  River  I  eds.   J. 
B.     Hatcher,     xxxi,   369;    Nodular 
tarlte,  and  selenlte  crystals.  J.  P. 
Rowe.    xxxi II,    198;    Boulders    due 
to    rock   decay.      Warren    Upham, 
xxxlil,   370;     Outer     glacial   dilft. 
Warren  L'pham.  xxxiv,  151 ;  Great 
fiat       at     Butte.     W.     H.     Weed, 
(abs.).  xxxvi,  129. 

Montana  coal  fields.  J.  P.  Rowe, 
xxxll,  369. 

Montana  gj-psum  deposits,  J.  P. 
Rowe.  XXXV,  104. 

Montana  state  school  of  mines,  (p. 
s.h.),  xxvlil.  64. 

Monterey.  Mexico,  Geological  feat- 
ures, E.  Wlttmann,  xxxv,  171. 

Monte  comma  ej(»cted  blocks  of, 
Johnston- I.Kivis,    (rev.),   xlv,  53. 

Monthly    American    Journal    of    Ge- 
ology   and    Natural    Science,    (ed. 
com.),  xxx,  62. 

Monticulipora,  a  coral  and  not  a 
.polyzoan.   J.   F.  James,   i,  386. 

Montlcullporoid  corals  of  the  Cin- 
cinnati group.  U.  P.  and  J.  F. 
James,   (rev.).  I.  59. 

Montmorenci,  E.  Emmons.  II,  294; 
Ditto,  Selwyn.  il,  134;  Ditto,  (ed. 
com.),  iii,  333;  A  correction.  J. 
F.  James,   Iv.   387. 

Monts  Pel^e  and  Soufri^re,   rps.n.), 
xxix,  396. 
400. 

Moon's  face,    G.    K.   Gilbert,    (rev.), 

Mont  Pel^e.  (p.s.n.).  xxxii,  333; 
xl,  415. 

Moore,  Joseph.  Castoroldes  in  Ran- 
dolph county.  Indiana,  xll,  67; 
Mastodon  Amerlcanus,  (p.s.n.), 
xlx,  68. 

Moore,  W.  N.,  (p.s.n.),  xvl,  129. 

Morphology  of  the  carlnae  on   Ru- 

go.se  coral.  Mary  E.  Holmes, 
(rev.).  I,  61. 

Morphology    of  the    graptolltfs,    R. 

Ruedemann.  (rev.),    xx,  ISs. 

Morphology  of  the  Pelecypods. 
Noetllng,  R.  Ruedemann.  xxxi, 
34. 
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Nanno,  Cephalopodan  type,  J.  M. 
Clarke,  xlv,  205;  ditto.  F.  W. 
Sardeson,  xlv,  402;  Remarks  on, 
A.  Hyatt,  xvi,  1;  Apical  end  of 
certain  Bndoceratidae,  J.  I*. 
Whiteaves,  xxxv,  23. 
Nansen's  Polar  expedition,   (p.s.n).. 

xviil,  195;   (p.s.n.),  xx,  420. 
Nansen's    continental      oscillations, 
and      bathj'metrical      features    of 
the     North     Polar     sea,     J.     W. 
Spencer,    xxxv,   221. 
Nantucket,     N.     S.     Shaler,    (rev.), 

V,    111. 
Naples  fauna  in  western  N.   Y.,  J. 

M.  Clarke,  xxxiil,  47. 
Narragansett       ice     sheet,     J.     B. 

Woodworth,  xvlll,  391. 
Narrative  of  the  journeys  of  David 
Thompson,  J.  B.  Tyrrell,  I,  256. 
Nason,  F.  L.,  post-Arohean  age  of 
the  white  limestones,  vll,  241; 
White  limestones  of  New  Jersey, 
(rev.),  vlll,  120;  (p.s.n.),  vili, 
131;  Post-Archean  age  of  white 
limestones,  viil,  166;  Magnesian 
series  of  the  Ozark  uplift,  xl,  99; 
Iron  ores  of  Missouri,  (rev.),  xl, 
205;  iron-bearing  rocks  of  the 
Adirondacks,  xll,  25;  "Correct 
succession  of  the  Ozark  series." 
a  review  reviewed,  xii«  141; 
white  limestones  of  Sussex 
county,  N.  J.,  xlii,  154;  Cambrian 
age  of  limestones  in  Sussex 
county,  xlv,  161;  (p.s.n.),  xvll, 
340. 
Naton,  H.  B.,  (obit.),  xv,  336. 
Nassa  trivittata  and  peralta,  G.  B. 

Harris,    vlll,   174. 
Natchez   formation,     T.    C.    Cham- 

berlin,  (rev.),  xvll,  108. 
Nathortt,  A.  G.,  the  position  of  the 

Olenellus  beds.   II,  3i56. 
Naticopsis,    subgeneric    groups,    C. 

R.  Keyes,  Iv,  193. 
National   academy  of  sciences,    (p. 
s.n.),    xll,    404;    (p.s.n.),    xlv,   408; 
(p.s.n.),    xvll,    404;     (p.s.n.),    xxl, 
396;      (p.s.n.),     xxv,   328;    (p.s.n.), 
xxlx,  397;    (p.s.n.),   xxxl,  398. 
National      encyclopedia    of    Ameri- 
can  biography,    (rev.),    xvlll,   190. 
National   geographic     society,    (p.s. 

n.),  xvll,  59. 
National    museum,    at   Washington, 
(ed.       com.),       xxxv,     378;     new 
building,    (ed.    com.),    xxxl,    1*8. 
National   museum     for  Canada.    H. 
M.   Ami,   xxvll,   259;   328;    (p.s.n.). 
xxvll   393. 
National    representation   in    the  In- 
ternational     Congress      of   geolo- 
gists,   (ed.    com.),    xlv,    327. 
Natural    and    artificial    terraces.    S. 

D.  Peet,   vll.  113. 
Natural  formation  of  pellets,  J.  A. 

TTddien,  xl,  268. 
Natural  gius,  Future  of,  E.  W. 
Claypolo,  i,  31;  Report  on,  by 
Orton.  I,  62;  At  Findlay,  O.,  I, 
65:  At  Litchtield,  111.  I,  138;  Field 
of  Indiana.  I^cverett,  Iv,  6;  Di- 
minution of,  (ed.  com.),  vlll, 
176;  Field.  Central  Ohio.  G.  A. 
Bownocktr,   xxxl,  218. 


Natural  gas  and  petroleum  in  On- 
tario. H.  P.  Brumell.  (rev.), 
xll,   120. 

Natural  history  of  cordierite.  J.  J. 
H.  Teall,   (rev.),  xxv,  384. 

Natural  science,  at  the  University 
of  Minn..  HI,  165:  (ed.  com.), 
xlx,  343. 

Navassa  Island,  Phosphate  depos- 
its, E.  D'lnvilliers,  (rev.),  vil, 
202. 

Nebraska.  , 

Niobrara  river,  with  reference  to 
irrigation,  I,  69;  Crystalline  rock 
near  the  surface.  I,  130;  Salt 
well  at  liincoln,  i,  131;  Geyserite. 
I,  277;  Volcanic  dust,  L.  E. 
Hicks,  11,  64;  Green  quartzyte, 
L.  E.  Hicks.  11,  361;  Bison  laU- 
frons,  11,  439;  Soils.  L.  E.  Hicks, 
III,  .'{6:  Further  notes  on  Green 
Quartzite,  J.  E.  Todd,  III,  69; 
Preliminary  notes  on  the  geol- 
ogy. F.  W.  Russell,  vil,  38; 
Academy  of  sciences  organized, 
(p.s.n.).  vll,  335;  Paleozoic  flshes, 

E.  D.  Cope,  (rev.),  Ix,  263;  Vol- 
canic dust  from  Omaha.  J.  E. 
Todd,  X,  295;  Rhinoceros  from 
the  Loup  Fork  beds.  J.  B. 
Hatcher,  xiil,  149;  Volcanic  ash 
near  Omaha,  J.  E.  Todd,  xv, 
130;   Remarks   on   Daemonelix.   J. 

F.  James,  xv,  337;  Daemonelix 
or  what?  (ed.  com.),  xvl,  113; 
Calcisponge  frorn  the  Carbonif- 
erous. J.  M.  Clarke,  xxlil,  87; 
Tertiary  formations.  N.  H.  Dar- 
ton^  (abs.),  xxl  1 1,  94;  Discovery 
of  the  J.aramie.  C.  A.  Fisher, 
XXX,  315;  New  Bryozoza  from 
the  Coal  Measures.  G.  E.  Cond- 
ra.  XXX,  337;  Rhombopora  lepido- 
dendroides.  G.  E.  Condra, 
xxxl,   22:   An   Old   Platte   channel, 

G.  E.   Condra.   xxxl,   361. 
Nebraska        University,         (p.s.n.), 

xxxv,  261. 
Nebular  and  Planetesimal  theories, 

of  the  earths  origin,  Warren  Up- 

ham.   xxxv«   202. 
Nebular    thoorv,    untenableness.    N. 

MIstockles,    xxxfv,   226j   310,    361. 
Need   of  an    editor,    (ed.    com.).    Ix, 

200. 
Needed     term     in    Petrography,   L. 

V.   Pircson,    (rev.),  xvll,  94. 
Nejed    meteorite,  (p.s.n.).  xxlx,  128. 
Nelson,   N.   P..  formation  of  a  ter- 
race, xlU  125. 
Nematophyton,    in    the    New    York 

state      museum,      C.      S.    Prosser, 

xxlx,   372. 
Neocene   and   Pleistocene   continent 

movements.         W.     J.         MicGee. 

(abs.),   vlll,   234. 

Neocene,  erratic  Cambrian  fossils. 
J.    P..   A\oo<l worth,    Ix,  243. 

Neocene,  correlation  paper,  Dall 
and  Harris,   (rev.),  xll,  399. 

Neocene  rivers  of  California,  W. 
Lindgren,    (rev.),   xll,    121. 

Neocene  of  the  Sata  Cruz  mount- 
ains, G.  n.  Ashley,  (rev.),  xvil, 
w<5x. 
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Neocomlan  In  Arkansas,  Jules 
Marcou.  Iv,  357;  shales  of  Kansas, 
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xxl,  3,'>1;  Wavc-f<»rmed  Cuspate 
forelands,  xxll,  1;  (p.s.n.).  xxll, 
•*.l :  Grral  I..akc.s  and  Niagara 
(rev.).  XXV,  400;  (p.s.n.).  xxlx, 
401:  New  phy.«l<*al  geography, 
(nv.),  xxxlll,  2.'.?:  Hanging  val- 
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AdinMidack.  xix,  392;  Tlie  Nipis- 
sing-Mattawa  rlve»-  jind  outlet 
of    tlw     Nipis.*-ing    lakes,     xx,    f*.'; 
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T»ylorvl  le,    Rpglon   ot  Calif.,   J,    S. 
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W.  tl.  Hobli!>,  NKXiv,  e»:  141.  214,     ' 

283.   371.  j 

Teath.    ev'iliillon    of    In    Mammalia. 

H.  F.  Osborn,  (1-ev.j.  xllt,  S3T.  ' 
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Rhvni'boplinnius  Coieoptera  Of  the 
I-  S  S  ".  S.'Mdder.  'rev.l.  xvl, 
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western.  R.  T.  Hill  (rev.),  ill, 
51 ;  Geological  and  mlneralog^lcal 
survey,  E.  T.  Dumble,  (rev.).  Hlf 
270;  (p.s.n.),  til,  279i  Ge- 
ologic story  of  the  Colo., 
River.  R,  T.  Hill.  Hi,  287;  (p.s.n.). 
Ill,  404;  Cretaceous  and  sequence 
of  sediments,  R.  T.  Hill.  Iv,  174; 
(p.s.n.).  Iv,  320;  Jura.  Neocomian 
and  Chalk.  Jules  Marcou,  Iv.  357 ; 
Fossils  of  the  Trinity,  R.  T.  Hill 
V,  62;  Classification  and  origrin  of 
the  chief  greographlc  features,  R. 
T.  Hill,  V,  9;  68;  Terebellum  iii 
American  Tertlaries,  G.  D.  Har- 
ris. V,  31.5;  Gr>phaea  pitcherl, 
Jules  Marcou,  v,  315:  Concho  coun- 
try' Cummins  and  Lerch.  v,  321; 
First  Annual  report  of  the  Geo- 
lo^cal  Survey.  1889.  K  T.  Dum- 
ble, (rev.),  vl,  123;  Preliminary 
list  of  the  Cretaceous  fossils  of, 
R.  T.  Hill,  (rev.),  vl,  124;  Car- 
boniferous area  of  central.  R.  S. 
Tarr.  vl,  145;  Cretaceous  of,  R. 
T.  Hill,  vl,  253;  Pilot  Knob,  A 
marine  Oetaccous  volcano,  R.  T. 
Hiir.  vl,  286;  The  Concho  country, 
O.  Lerch,  vll,  73;  Geology  of  the 
southwest.  R.  T.  Hill,  vll,  119, 
254;  Important  results  of  the 
Survey,  E.  T.  Dumble,  vll,  267; 
(p.s.n.).  vll,  34;  Topography  and 
geolog>'  of  southwest.  R.  T. 
Hill,  vlll,  133:  2d  sur\'ey  report, 
1890:  E.  T.  Dumble.  (rev.),  vlll, 
187;  Report  Bull  4,  C.  W.  Hayes, 
(rev.).  X,  322;  Comanche  ser- 
ies, R.  T.  Hill.  (rev.),  xlll, 
259:  Cretaceous  covering 

and  the  Paleozoic,  R.  S. 
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ction  of  the  Dyas.  Trias  and 
Jura.  Jules  Mnrrou.  x.  369;  3rd 
report.  R.  T.  Hill,  x,  393:  (p.s.n.), 
X,  398:  Renly  to  Prof.  Hill.  J.  A. 
Taff.  xl,128:  revirw  of  the  3rd 
report.  J.  Manou.  xl,  212:  Brown 
coal  and  llmiltp  E.  T.  Dumble, 
(rev.),  xl,  209:  TTvena  and  other 
(^nrnlvora.  E.  D.  Tope.  rrev.).  xl, 
276;  Fauna  of  TuoumoaH.  A.  Hy- 
att, xl,  2S1:  TucumcnrI  Mountain. 
W.  F.  Cummlnp.  xl,  375:  Cerro 
Tucumcari.  J.  Marmn,  xll,  103; 
Comanche  series.  \V.  M.  Fon- 
taine, (rev.),  xll,  327;  Kent  sec- 
tion, and  Grynhaea  Tucumcarl, 
Dumblo  and  rnmrnins.  xll.  309; 
(p.s.n.).  xll.  342:  Geological  sur- 
"«'pv.  (i).««.n  ),  xM.  C"^:  Crotar-pons 
invertebrate  Paleontology.  F.  W. 
Cratrin  (rev.),  xlll,  l?l:  .Adjacent 
to  the  Pfd  River.  R.  T.  Hill. 
(abs.).  xlll.  2«^S:  Geolo"A'  of  .TefT'-r- 
Fon  eountv.  ^V.  K'^T'nedy,  xlll,  268; 
Growth  of  knowledp'o  conc*>'rnlng 
the    Cretaceous,    Jules      Marcou, 


xlv,  98;  Porocystls  pruniformis, 
H.  Rauff,  (rev.),  xv  122;  Ques- 
tion of  priority,  W.  F.  Cummins. 
XV,  395;  Eocene  at  Port  Caddo 
Landing,  T.  W.  Vaughan.  xvl, 
304;  Floating  sand,  F.  W.  Si- 
Cretaceous,  J.  A.  Merrill,  (rev.), 
monds,  xvl  I,  29;  Flint  Nodules  in 
xvll,  52;  Question  of  priority.   W. 

B.  Scott,  xvll,  68;  Cimarron  se- 
ries. F.  W.  Cragin,  xlx,  351;  New 
meteoric  iron,  W.  M.  Foote, 
(rev.),  xxv,  176;  Geology  for  a 
decade  endmg  1896,  F.  W.  Sl- 
monds,  (rev.),  xxvll,  57;  Miner- 
al sur\'ey  authorized.  (p.s.n.), 
xxvlll,  267;  Ditto,  Two  Bulletins. 
(p.e.n.),  XXX,  130;  Geography  and 
geolog>'  of  Black,  and  Grand 
Prairie,  R.  T.  Hill  (rev.),  xxx, 
384;  Shafter  silver  mining  dis- 
trict, J.  A.  Udden,  (rev.),  xxxv, 
182;  Bolson  plains  of  the  south- 
west,   W.    G.    Tight,    xxxvl,    271; 

Text- book  of  Geology,  A.  Gcikie. 
(rev.),  xlll,  66;  Of  Paleontology, 
K.  von  Ziftel,  (rev.),  xvlll,  3i4; 
Of  mineralogy  E.  S.  Dana  (rev.), 
xxll,  328;  Of  important  minerals 
and  rocks.  S.  B.  Tillman,  (rev.), 
xxvll,  48;  Of  geology,  A.  P.  Brig- 
ham,  (rev.),  xxvlll,  59:  Of  ge- 
ology, A.  Geikie,  (rev.),  xxxlll, 
51. 

Thailte  and  bowllnglte  from  the 
north  shore  of  Lake  Superior,  N. 
H.  Wlnchell,   xxlll,   41. 

Thames  River  in  Conn.,  A.  P.  Gul- 
liver,    (abs.),    xxlll,    104. 

Theories  of  the  origin  of  iron  ore, 
H.  V.  Winchell.  x,  277. 

Theory    of    copper    deposition,     A. 

C.  Lane,   xxxlv,  297. 
Thickness,    Devonian    and    Silurian 

rocks  of  N.  Y.,  C.  S.  Prosser.  vl, 
199;  Of  the  Devonian,  C.  S.  Pros- 
ser, (rev.),  xl,  411;  Of  the  Paleo- 
zoic rocks  In  the  Mississippi  ba- 
.«<In.    (.\    R.    Kcyes.    xvll,   169. 

Thlerrelch  das,  (ed.  com),  xvlll, 
182. 

Thomas,  B.  W.,  Spore  cases  of 
Protosalvinla,  (abs.).  III.  280;  In- 
terglaclal  peat  in  Wiscon.«in.  (p. 
s.n.).  xl,  283;  (and  A.  Wood- 
worth),  Microscopical  fauna  of 
the  Cretaceous  in  Minn.,  (rev.), 
xll,  330:  Cretaceous  Foramlnifera 
from    Minn.,    (rev.),    xv,    384. 

Thompson,  A.  H.  Reservoir  sites, 
(rev.).  XV,  49. 

Thompson,  Albert,  (p.s.n.),  xxxlv, 
131. 

Thompson,  David,  Journeys  of,  J. 
B.    Tyrrell,    (rev.),    I,   256. 

Thompson,  Convection  currents, 
cause  for  solar  heat,  (rev.),  Iv, 
185. 

Thompson,  Zadock,  sketch  of,  G*.  H. 
Perkins,   xxlx,   65. 

Thomsonite  and  Lintonlte  from  the 
north  shore  of  l^ake  Superior.  N. 
H.  Winchell.  xxll,  347;  Mosolite 
and  chabazlte  from  Colo.,  H.  P. 
Patton.    (rev.),    xxvll,    183. 
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Three  formations  of  the  middle  At- 

ii.ii.ic  slope.  \V.  J.  M<:<3ee,   (rev.), 

II,    .29. 
rh.  La    gTfiit     fossil    plaooderms    of 

Oho,     E.     W.     Claypoie.     xll,    89; 

N«  .>     spc-cies    of     Dinichthys,     E. 

\V.    Claypoie.   xll.   275. 
TIcliO'.eptus    beds,    (Am.    com.),    ii, 

L.  i. 

Tlfi*.ny,  artesian  well  at  Daven- 
I>i»i  I.  ill,  117;  lU'Cord  of  a  deep 
w»'...  (p.s.n.),  V,  ILM,  128;  (cit.), 
X,   .yw, 

TlQ:"!t,  W.  G.,  (p.s.n.),  V,  394;  Pre- 
i;i.i  ial  drainage  of  Ohio,  (rev.), 
xlv,  188;  Pre-Glaclal  tributary  to 
i'iiiut  Creek,  Ohio,  (rev.),  xvll, 
;JL'';;  The  development  of  the  Ohio 
Ki\«>r.  (abs.).  xxll,  252;  Sketch 
<»f  (.'.  T^.  Herrick.  xxxvl,  1;  Bol- 
s»»n  plains  of  the  southwest. 
xxxvl,   271. 

Till,  Subglacial  and  en-Glacial,  W. 
I'pham.    xll,    38. 

Tlmb2r  lines.  I.  C  Hussell,  xxxl, 
121. 

Time,  geologic  as  indicated  by  the 
t-'edimentary  rocks  of  North  Am- 
eiir.i.    C.    D.    Walcott,    xll,    343. 

Time- piece  of  geology,  E.  W.  Clay- 
pole,   xvll,  40. 

Tlir.e  of  erosion  of  the  Upper  Mis- 
si.-fsippi.  Minnesota  and  St.  Ooix 
Valleys.    W.    Tpham,    (abs.).    xxll, 

2r,s. 

Tin  mines  in  Dakota,  (p.s.n.),  vl, 
40-j;  Islands,  of  the  Northwest, 
E.  VV.  Claypoie,  Ix,  228;  In  Alas- 
ka, (p.s.n.).  xxxl,  :i2r>;  In  Alaska, 
(p.s.n.).    xxxlll,    r>4;    200. 

Tlptcn-run  coal,  age  of.  I.  C. 
Wl.ite.   Iv,  25. 

Tltarlchthys,  E.  W.  Claypoie,  x,  1; 
Ditto  xll,  95:  New.  E.  W.  Clay- 
poie.   xvll,    106. 

TItanlferous,  iron  ores  of  the  Ad- 
\r<  tidacks.  J.  F.  Kemp,  (abs.), 
xvl.  241:  Magnetites.  J.  F.  Kemp, 
(rev.).  XX  vH,  119:  I*yroxene.  A. 
N.  Wlnchell.  xxxl,  ."09;  Magnetite 
in  Wyoming,  J.  F.  Kemp,  f p.s.n.), 
XXXV,  64. 

To  all  Anverican  geologists,  ap- 
peal,  P.    Frazer.   i,   250. 
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384:    I>iwer    Silurian    Biyozoa    of 
Minn.,     (rev.),    xv,    386:     (and    C. 
W.   Hayes).   Columbia,  Tenn.,  ge- 
ologic   folio,     (p.a.n.).     xxxlll,    63; 
G^'ology  of  the  Harrlman  expedi- 
tion,  fo.<<Flls  and  age  of  the  Yak- 
utat  formation,   (rev.),  xxxiv.  122. 
Jncorrrormities    of    the    Animiko    In 
Minn..    A    WInchell.    I,    14:    In    the 
Archrean.    (Am.    com.).    II.    157. 
Unconformity    at    the    falls    of    the 
Montmorenci,    (ed.   com.),   Ill,  333; 
(H    the    Coal    Measurt^    and     the 
St.    I»uis   limestones   in   Iowa,    C. 
R     Keyes.    xll,    99. 
Undergdknlngar  ofver  Zonen 

med  Agnostus  laevlgatus  I  Ves- 
tetGotland.  I.  D.  Wallerlus, 
(h'v.).  xvII,  49. 
U  iderground,  water  of  the  Arkan- 
«=as  Valley.  G.  K.  Gilbert,  (rev.), 
xlx,  57;  Resources  of  Central  flrrect 


plains,     N.     H.      Darton.       (rev.), 
XXXV,  317;   Temperatures,  A.  Ag- 
assiz.    (abs.),  xvll,  60. 
Undescrlbed   phenomena   in   Hema- 
tite, AV.  S.  Gresley.   Ix,  219. 

Une  Travaille  Arch4olog1que  de 
N^ricle,  K.  KJellmark.  (rev.),  xx, 
334. 

Unit  of  mapping  for  state  surveys, 
(ed.  com.),  xl,  44;  61;  (ed.  com.), 
xxlx,    116. 

United  States  Geological  Survey, 
(n.s.n.).  I,  64;  Preliminary  report, 
N.  S.  ShaJer,  (rev.),  i,  258;  (pu 
s.n.),  i,  336;  ''th  annual  report, 
J.  W.  Powell,  (rev.),  ill,  399;  8th 
annual  report,  (rev.),  v,  314;  315; 
and  its  relation  to  state  sur- 
veys and  to  the  geologists  of  the 
country,  J.  C.  Branner,  vl,  295; 
9th  report,  18^7-88.  J.  W.  Pow- 
ell, rrev.),  vll,  132;  10th  report, 
1888-89,  J.  W.  Powell,  (rev.).  Ix, 
337;  (p.s.n.),  Ix,  346;  (ed.  com.), 
X,  179;  Field  work  suspended,  (p. 
s.n.),  X,  198;  Map.  (ed.  com.),  x, 
304:    Areal    work    of.    \V.    J.    Mc- 

•  Gee,  X,  377;  Topographical  work, 
'ed.  com.),  xl,  47;  A  little  more 
light  on,  J.  Marcou,  (rev.), 
xl,  60;  ■  Topographical  work, 
R.  T.  Hill.  xl,  64; 

Ditto.  Henry  Gannett,  xl,  65;  Dit- 
to, xl,  127;  (p.s.n.).  xl,  283;  Prof. 
Youmans  and  the  IT.  S.  G.  S..  (ed. 
com.),  xl,  342;  11  th  annual  report 
1889.  1890.  J.  \V.  Powell,  (rev.), 
xll,  259;  Minet-.il  resources  1891, 
D.  T.  Day.  (rev.),  xll,  260;  Cor- 
relation papers.  Cretaceous,  C.  A. 
White,  (rev.),  xll,  398;  Eocene, 
W.  B.  Clark,  (rev.),  xll,  399; 
Neceone.  Dall  and  Harris,  (rev.), 
xii,  399;  Newark  system.  I.  C. 
Russoll.  (rev.),  xll,  402;  Pleisto- 
cene period,  divisions  of.  (ed. 
com.),  xill,  114;  Systematic  col- 
lection of  rocks  and  fossils,  at  tha 
Columbian  exposition,  (ed.  com.), 
xlll,  isn;  Gems,  native  metals 
ami  other  rare  minerals  at  the 
Columbian  exposition,  (ed.  com.), 
xlli.  415;  Topographic  work  in 
1803.  (p.s.n.).  Xlll,  291:  12th  an- 
nual report.  1890  to  1S91.  J.  W. 
Powell,  (rev.),  xlv,  112;  Mineral 
resources  for  1893.  D.  T.  Day, 
(rev),  xlv,  254;  C.  D.  Walcott 
director  (p.s.n.).  xlv,  406;  13th 
annual  report.  1891-92.  (rev.),  xv, 
48;  14tli  annual  report  1892.-93, 
J.  W.  Powell,  (rev.),  xvl,  310:  15th 
annual  rei>ort,  J.  W.  Pow- 
ell, (p.s.n.).  xvll.  394:  16th 
annual  report  1894-95.  C.  D. 
Walcott.  (rev.),  xlx,  210;  Yellow- 
stone National  Park  folio,  Hague, 
TWed.  and  Iddings,  (rev.),  xlx, 
222;  17th  annual  report.  1895-96. 
C.  D.  Walcott,  (rev.),  xxl,  61; 
Mineral  resources  of  the  U.  S., 
189»1.  D.  T.  Day.  (rev.),  xxl,  380; 
Educational  serl^^s  of  rock  specl- 
mons.  collected  and  distributed, 
J.   S.   IMUer.   (rev.),  xxill«   61;   the 
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Richmon*!  folio,  1S9S.  Camplnll. 
Taff  an«l  MoncU'iihall.  (r^-v.).  xxlll, 
198;  ISlh  report.  1«9«;-T,  C.\  D.  Wal- 
cott.  (rev.),  xxlv,  iL'l':  l!Hh  report. 
1897-S.  C.  D.  Walcott.  (rev.). 
xxlv,  251 ;  Monograph  Z'l,  Part  2, 
Geology  of  Yellowstone  Park, 
C.  D.  Walcott.  xxlv,  ',V1\\  Work 
in  Alaska  planned  for.  during 
1900.  (p..<<.n.),  xxvi,  (54:  Reoiganl- 
zation  of  the  geologic  branch, 
(ed.  corn.),  .xxvl,  1S9;  Potro- 
graphical  reference  coIl«H?tion  of 
spt<.^imens.  (p.s.n.),  xxvll,  G5; 
Analyses  of  rocks.  F.  W.  Clark. 
(r«»v.>.  xxvll.  31«l;  (p.s.n.),  xxvll, 
388;  389;  Question  of  the  unit  of 
geologic  majjping.  (ed.  com.), 
xxlx,  11»>;  Uecirganization  nf  the 
geologic  branch.  1-Jayley  Willis. 
xxlx,  188;  Investigation  of  the 
mineral  resouices  of  Alaska, 
(p.s.n.),  xxlx,  324;  21st  annual 
report.  Part  3.  C.  D.  Walcott. 
(n-v.).  XXX,  120:  Ditto.  Part  4. 
Hydrography.  F.  H.  Newell, 
(ri'V.).  XXX,  323;  Glacial  forma- 
tions, and  Drainage  features  of 
the  Krie  and  Ohio  basins.  F. 
Leveret  t.  (rev.),  xxx,  323;  21st 
report.  I'art  7.  R.  T.  Hill.  irev.K 
xxx,  3S4:  New  division  of,  (i).s. 
n.).  xxxl.  194;  ICllensburg  folio. 
U.  O.  Smith.  Chicago  foli.).  W.  C. 
Alden.  Mason  town -Cn  ion  town 

folir).  M.  ■  R.  Campbell.  Ditney 
ff»lio.  M.  L.  Fuller  and  r,.  S.  11. 
Ashley,  (rev.),  xxxl,  2.').';  (p.s.n.). 
xxxll,  39H;  (p.s.n.).  xxxll,  (32;  (p. 
F.n.).  xxxll,  234:  Mineia  1  re- 
sniirces  of  the*  Mt.  Wrangell  dist- 
ri- t.  Alaska,  (lev.).  xxxll.  393: 
(T.*^.n.».  xxxlll,  r.2:  131.  2u2.  27«). 
333;  Exhibits  at  St.  Louis.  Chart.< 
pr«*MMre(l  by  \'an  Hi.«e.r  eith.  and 
Smith,  (p.s.n.),  xxxlll,  \^\^'.  Work 
in  Alaska.  1901.  (p.s.n.).  xxxlll. 
400;  CJeologic  atlas  of  the  T'.  S.. 
Olivet.  P:'rk»'r.  Mitehell  and  Alex- 
and»l'>  e'MiT'ti''s.  S.  T>ak..  Todd, 
and  Hall.  (rev),  xxxlll,  381;  Reg- 
ul  >tion  of  Noinonelalure,  (;.  K. 
Gilbert,  xxxlll,  138:  Origin,  de- 
velopment, firganiz.'itlon  and 
opfratinns.  H.  C  Rizer.  (rev.), 
xxxlv.  119;.  (^ottoiiwoo.I  falls 
folio.  J'rosser  a^^^l  Heede,  (rev.). 
xxxlv.  2«'.2:  Wat  kins  and  Kb^iira 
<iu;nlrangles.  CMai'ki'  and  Luther, 
(rev.),  xxxlv.  324;  (n.s.n.).  xxxv. 
C::;  liil:  Cassrllon-Faigo  folio. 
N'-r.  Dak.,  and  Minn..  Hall  and 
Wil!:ird.  xxxv,  394;  T'nderuround 
I'  vsonict  s  of  the  centi'al  cj-eat 
Plains.  N.  M.  Dartoii.  (i-ev.). 
yxxv.    :U7;      (p.s.n.).     xxxvi.     13+: 
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United    St  \U-^   (Ji  fijrrnnhical   survey, 

(7    'M.    W'.ie.-ler.     1SS9.    (rev.),    vll, 

2"  9. 
Jnlted    Stall's,      Xaiin»ial     mi"-*-Mm 

( I)  K.!i. ) -.    XX,    204:    Xew    building, 

(e.l.    er»ni.).    xxxi,    17^. 
United    St  ii«'<.    tiliv.^-icil    gnograrthv 

jmd    r»S'>orc»'s   of.   J.    1).    Whitney, 

(r.-v).    xlv,   39.".. 


Jnlon  College,  geological  depart- 
ment. (.\  S.  Prosser.  (p.s.n.),  xv, 
19«;;    (p.s.n.).    xvl,    2»;8. 

Jnlty  of  the  (jlacial  period,  (abs.), 
C.    F.    Wright,   xll,   178. 

Unjust  attack,  reply  to  J.  D.  Dana 
and   J.    W.    I'owell.    P.    Fra.ser.    Hi, 

Universality  of  g<ild.  (p.s.n.).  W.  E. 
Kveiette.  vlll,  331. 

University  of  Neb.,  (p.s.n.).  I,  13»J: 
Of  Neb.  Department  of  geo'ogy. 
(p.s.n.).  Ill,  311;  Of  Texas,  school 
of  geology,  (p.s.n.).  Iv,  320;  Kx- 
teiision  Icctm-es.  (p.s.n.).  ix,  34(1; 
Of  Chicago,  (p.s.n.).  xvl.  «'.7;  Of 
Minnesota.  (p.s.n.).  xvl,  130; 
(it(>logical  survey  of  Kansis.  Vol. 
I.  E.  Haworlh.  (rev.),  xvlll,  42; 
Ditto.  Vol.  II.  E.  Hawoith.  (rev.), 
xix,  2"2:  (K  Ninv  Mexico,  (p.s.n.), 
xxl,  39t'.;  (:)f  Texas  mineral  sur- 
vev.  two  bulletins  i.'-sued.  (p.s.n.). 
xxx,  13ii:  Of  Calif.,  (p.s.n.).  xxxll, 
198;  Of  Wis..  Continental  varia- 
tions, with  special  referenee  to 
North  America.  liayley  Willis. 
(I).s.n.),   xxxvl,   2«)8. 

Unprincipled  assayers,  E.  G.  Wood  # 
ruff,    (p.s.n.).   xxxv,   192. 

Unrecognized  T»roceFs  in  Clurial 
ero.sion,  W.  r>.  Johnson,  (abs.). 
xxlll.    99. 

Untenableness  of  the  Nebular 
theorv.  N.  Mistockles.  xxxlv.  22«:. 
310.  3';i. 

Unter  Silurlsche  Lltoralfncies  bel 
Ix>'!:n(»».j,-,n.  C.  Weiman.  Tiev.). 
yxv,   3S3. 

Untersuchungen  of  tbe  roeV«  of  itta 
West  Indies,  i,  Gl;  Ditto,  ditto, 
(rev.  I.    V,    1S3. 

Unter-Tertlare  Sela<^hier  aus  Siid- 
russlanil.    O.    Ja<»kel.    (rev.),    xvll. 

Upheaval  of  Scandinavia,  apparent 
o?-  real?.  H.  W.  Pearson,  xxlv, 
192. 

Upham.  Lake,   (p.s.n.).  viii.  19fi;  29<?: 

Upham.  Warren,  Pulletin  No.  39. 
r.  S.  G.  S..  (rev.).  i,  04; 
'T>.s.!».).  i.  67;  Shales  of 
F<>rt  Plerr<?  and  Fox  Hills 
grouiis  indicated  by  fossils,  (p.s. 
n.J.  i.  337;  Sketch  of  Henry  Car- 
vill  Lewis,  li.  371:  Marine  shells 
in  the  Till  near  Boston,  (rev.), 
ill.  399:  Theory  of  Terrestrial 
glaciatifin.  (rev. ).  Iv,  108;  Beaches* 
of  I  ak.>  Agassiz.  (p.s.n.).  Iv,  128; 
Glaciation  of  mountains,  in  New- 
England  atid  New  York,  iv,  103. 
20r»:  structure  of  Drumlins.  (rev.), 
V,  »n  ;  F'r)rds  and  great  la.ke 
basJTis  of  vXmerica.  (abs.).  v,  121; 
Climatic  periods  of  the  Glacia> 
perlotl.  (abs.).  V.  123;  Artesian 
>v.'ll.-  in  r>akota.  vl,  211:  (Tanse  of 
th«'  (.larinl  ]M'ii«Kl.  vl,  327:  Plei««- 
loot  n»*  subTU'-rgeiice  of  the  isth- 
mus of  T*anania.  vl,  391:  History 
o''  Like  Agassiz.  vil,  188.  197; 
222;  Glirial  lakes  of  Canada. 
(re\. ).  vil.  37r>;  Area  and  duration 
of    Lake   Aga.^slz.     vlll,     127;    Ice- 
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sheet  of  Greenland,  vlll,  14.')-, 
Procossi's  of  Mountain  building, 
(abs.).viii.  L'31 :  Continental  move- 
ments, (abs.).  vlll,  235;  238; 
Inequality  of  distribution  of  en- 
ghtcial  drift,  (abs.).  vlll,  239;  Cri- 
teria of  englaeial  and  sub-gla- 
cial diift.  vlli,  376;  Exploration 
of  Lake  Agassiz,  (rev.),  viii,  394; 
Classification  of  mountain  ranges, 
(rev.).  Ix,  205;  Deltas  of  the  Mo- 
hawk and  Hudson  valhys.  ix, 
410;  Structure  of  Drumlins  of 
Mass.  (abs.),  x,  194;  Conditions 
of  accumulation  of  ilie  Drum- 
lin.  x,  339;  Relationship  of  vari- 
ous Glacial  lakes,  (rev.),  xl,  59; 
Champlain  submergence,  (rev.), 
xi,  119;  Distinct  Glacial  t^ioihs. 
(rem.),  xl,  173,  177,  179;  Man  and 
the  Glacial  period,  xl,  189;  Es- 
kers  near  Rochester,  xl,  241; 
I'leistocenc  and  pres«'nt  ice- 
sheets,  (abs.),  xl,  241;  Estimates 
of  geologic  time.  (rev.),  xl,  413; 
Beltrami  island  of  I^ako  Agiisslz, 
xl,  423;  Englacial  drift,  xll,  3G; 
Pleistocene  and  present  ice- 
sheets,  (rev.),  xll,  119;  (Jlacial 
erosion,  (cit.),  xif,  147;  Observa- 
tions on  es'.-cers  of  Ixing  Island, 
(abs.).  xil,  1»)7;  Evidences  of  the 
derivation  of  Kfimes.  (skers.  and 
moraines  of  the  North  American 
ic«*-she»  t  ciiiedy  from  t'nKlacial 
diift.  (alis. ).  xH,  K»9:  Succt'ssion  of 

•  Pb'istoceiie  forni;it:oT»s  in  the 
Misj^ls.^ippi  and  N«  Ison  River  ba- 
sins,    (abs.).     xil,    170;     Anti<iuity 

*of  man.  (rem.).  xii,  17,"): 
Ot*m.).        xii,         177;  'l'«M'liary 

an«.i  (^ii;il»>rnary  sti'eam  err>- 
sion  nf  N.  A.."  (abs.).  xll,  ISO; 
I'Mshing  i)anks  h«'i\veen  Cape 
Cod  and  Newfotindland.  (rev.), 
xii,  190;  I'lcistocnne  elimatic 
Chang,  s.  (ab.«^.).  xll,  22S:  Madi- 
son tyjx'  of  l^rumllns.  (abs.).  xlll, 
222;  IMv.jsity  of  drift  along  its 
iK»undnry.  (abs.).  xll.  233:  IJrit- 
isii  drift  theorits.  xlli,  27.'»;  Ivirly 
man  in  Minn.,  xiil,  3»;3:  Causes 
and  i-ondilions  of  (ilacintion.  xlv, 
12;  Niagara  jLjorge  a  measure  of 
tiie  po.«^t-niarial  jfcriod.  xlv,  62; 
Madison  typr  of  l.'rurnlins.  xlv, 
•»9:  Dejjarture  of  the  Ice-sheet 
fiom  the  l.auientian  Lakes, 
(abs.).  xlv,  199;  Qnaterniiry  time 
dlvii-iliU^  into  tln-»M>  pciiods. 
(•il.»>!.).  xlv,  203;  Tcrtl-uy  and 
Quaternary  i)a.''e-lt  veiling  In 
Minn,  and  northward,  xlv,  23."); 
Eskers  in  111.  and  northwanl.  xlv, 
403:  Preliminary  report  of  tield 
woik  in  noitheastern  Minn., 
oe\-.).  XV,  .'il ;  (p.s.n.)  xv.  f;7;  203. 
204;  (p.s.n.).  xv,  3at'i;  I'rnmlln  ac- 
<^)imulation,  xv,  194;  Discrimina- 
tion of  Glacial  aceumulation  and 
i'uasioFi.  (abs.).  xv,  2itO:  Climat- 
ii'  conditions  shown  in-  N'orth 
Atrer'fJin  interglacial  deposits. 
XV,  273;  Stages  of  recession  of 
t>'«'  N^>''th  American  ice-sheet 
shown   by  Glacial   lakes,    xv,   39«'>; 


(p.s.n.).  xvl,  Go;  328;  tOl;  Cor- 
relations of  the  ice  age  in  North 
America  and  Europe,  xvl,  100; 
Geological  Society  and  American 
as=sociati»»n  meetings,  xvl,  233; 
Drumlins  and  marginal  mo- 
raines of  the  ice  sheet, 
(abs.).  xvl,  237;  The  ice 
age  as  two  epochs.  Glacial  and 
Champlain.  (abs.),  xvl,  250; 
Wajin  temperate  vegetation 
near  Glaciers,  xvl  320;  (with  G. 
F.  Wright).  Greenland  ice  tield 
with  a  new  di.scussion  of  the 
causes  of  the  ice  age,  (rev.), 
xvli,  243;  Erosion  of  the  St. 
Croix  dalles,  (abs.).  xvll,  260;  (p. 
s.n.),  xvll,  339;  Sublacustrine  till, 
xvll,  371;  Philadelphia  meeting  of 
the  Geological  Society  of  Amer- 
ica, xvll,  89;  Pre-Glacial  and 
post -Glacial  valleys  of  the  Cuya- 
hoga and  Rot^Uy  Rivers,  (abs.). 
xvli,  10.'»;  Physical  conditions  of 
the  flow  of  Glaciers,  xvll,  16; 
Beaches  of  lakes  Warren  and 
Algonquin.  Criticism  by  Taylor, 
xvll,  399;  Origin  and  age  of  the 
Laurentlan  l«ake         and         of 

Niagara  Falls,  xvlli,  109;  Buffalo 
meeting  of  the  (i.  S.  A.  and  of 
the  A.  A.  A.  S.,  xvlil,  213;  In- 
terglaclil  change  of  course  of  the 
St.  (^roix  River  in  Minn,  and 
Wis..  (a])s.).  xvlll.  223;  (^lyahoga 
gorge  In  Cleveland,  (abs.).  xvlll, 
223:  Relation  of  t1  e  Ozarklan  tip- 
lift  to  L'laclatlon.  xlx,  330; 
Rhythmic  acctimulallons  of  mo- 
raints  l»v  waMng  ice-sh«'ets.  xlx, 
411;  Gl.icial  lake  Flamline.  (abs.). 
xlx.  423;  (i).s.ii.).  XX,  203;  Cla- 
cial  lake  A^a-«?iz.  (rev.),  xx,  324; 
Drumlins  cf)ntaining  or  Ivln.^  on 
modified  drift,  xx,  383;  Shell- 
bearing  drift  on  Moel  Tryfan  xxl, 
81  ;  End  of  ll  e  Ice-age  in  Mi'in.. 
(abs.).  xxl,  13<i:  Vall<>y  moraines 
an<l  Drumlins  in  tl:e  Enp'sh 
lake  district,  xxl.  lO.'i;  Drumlins 
In  (Glasgow,  xxl,  23.'>;  F*ar;.l!el 
roiids  of  GUn  Roy.  xxl,  294:  I'.i  n 
N«''  's  the  Inst  stroiijLjhold  <;f  t'M; 
British  ice-slieeis.  xxl,  370: 
Mc'-kl'Mil-erg  or  l^altic  moraines, 
xxll,  13;  History  of  mining  "nd 
fiuarrvinir  In  Minn.,  (rev.),  xxll, 
.'»1 :  Fjords  and  sul>m<>rged  val- 
leys of  Euroj)*^.  xxll,  101;  Rni-^'d 
short'  liti«  s  at  iTondhjem  xxll, 
142:  (Jlacial  nr-eT-.«?  and  T.alfos  In 
Sweden,  xxll,  230;  G<'ology  .''nd 
geo«7rn)hy  at  tlie  Arnericin  As- 
sociation meeting,  xxll,  218;  F' i- 
d'Mi'^'^s  of  t  iieljogenle  mo'em'^^ts 
crnislng  and  torn^innting  f'e  T  m'- 
age.  (abs.),  ;txll,  2.'0;  Fbicti'a- 
tions  of  North  American  G'af^In- 
tion  shown  by  interulacial  soil 
and  fo-!.»<iliferous  depf)sits.  (ab«»  ). 
xyJI.  ''r>^:  '!'Ini»-  of  erosion  of  i\\^ 
Missl?sii)pi  and  St.  Croix  val- 
b»vs.  (als).  xxll,  258;  (iii'^t  ket- 
tles n«.ar  (^hristiania  and  in  T  ii- 
eern'».  xxll.  291:  Primitive  r->j»n 
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Modllled  drift  and  the  Cham- 
plaln  epoch,  xxlll,  319;  Engla- 
dal  drift  tn  (he  MISHlsslppl  basin. 
xxill,  369:  Glachil  history  at  the 
New  England  Islands.  Cape  Cod 
and  Long  Island,  jtxiv,  79;  Gla- 
cial nnd  mndlfied  drlCt,  In  Minne- 
apolis. MMV,  f!3:  Pre-Claclal 
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delta.   XXX,  103;   Man   In   
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nnd  St.  Ijiwrenoi'.  xxxli,  2:3; 
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iind    eskers    of    the    lat(_ 

Rliu-iallon  In  (ho  While  moun- 
tains, xxxlll,  7:  Boulders  due  to 
rock  decay,  xxxlll,  370:  Eh-oslon 
in  the  Great  Plains  and  on  the 
Cordllleran  belt,  xxxlv,  3u:  Age 
of  Ihe  Missouri  Blver,  xxx>w,  SO; 
Outer  Glacial  drift  In  the  I>ako- 
tns.  Montana.  Idnho  and  Wash- 
ington, xxxlv,  161:  Glacial  and 
modlded  drift  In  and  near  Se- 
attle, Tacoma.  and  Olympla, 
...   -—:  The  Nebular  and  plan- 

theories    -'    "--    "-'- 

KXW,    21 

hanging  valleys, 
fllllers  and  RadlFsnn.  flrst  whitp 
men  In  Minn,,  (rev.),  xxxv,  317; 
Age  or  the  St.  Croix  Dn'Jcs.  xxxv. 
Ml:  Glacial  lakes  and  marine 
fuhmeracncp  in  the  Hudson - 
Champlnin  valley,   xxxvl.   2SG. 
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Stephen,  G.  F.  Matthew,  (rev.), 
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Rio  Tromhptas  Brazil.  J.  M. 
Clarke,    (rev.l.    xxlv,   311. 

Upoer  CrclaciMtis  formation  of 
New  Jeisiy.  Stuart  Wcller,  xxxv, 

Upper  Miocene  of  Burmah.  F. 
N..<-llins.    (rev.),    xlv,    399. 

Upper  Paleozoic.  (Devonlc).  Re- 
port of  H.  e.  Williams.  (Am. 
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Sodfcwlck  and  Murchlfon,  (Am. 
com.).  II,  225;  Term  Erian  pro- 
-•    by    Sir    "■ -    
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n.). 


I"    Devonian.  , 

:17;  Top  of  (he  Devonian.  (Am. 
"m.).  II,  239:  Problems  for  set- 
Icment.  (Am.  Com.),  II.  246: 
Carbonic)  Report  of  J.  J,  Stev- 
naon,  (Am.  Com,).  II,  248:  Up- 
■cr  Carbonic.  (Am.  Com).  11. 
19;  Lower  Carbonic.  (Am.  Com.), 


II.  25!:  Region  beyond  the  Roekr 

Uountalna,    (Am.    Com.).    11,    251; 

General    table.    (Am.    Com.).     I), 

256. 
Upper     Silurian     In      northeastern 

Iowa.  A.   a.   V.-il3on.  xvl,  ZT5. 
Upi  and  downs  of  Long  Island,   J. 

Urals,   structur 
(abs.).  > 


r  the,   P.   Fraier, 


■  ft  rox  from  Mali 


249:  Of  th(  term  l.aurent 
Newark  In  Geoloeical  t 
C.    H. 

Keyes. 


Utah,  Beolo«y  and  phyploKraphy. 
C.  A.  White,  (rev.),  vll.  BT| 
Limpstone  strata  of  Deep  Creek, 
W.  P.  Blake.  Ix,  47:  Formation 
of  oallle.  A,  Rothpleti.  x,  279; 
Recoimolssance  of  the  Uinta 
resprvallon,  C.  P.  Berkcy,  (abs.), 

.  xxxlll,  334:  Colossal  bridges,  (ed. 
- ■  -     189. 


Valley,  Glaciers  of  the  Siigsuale 
P-nlnwila,  R.  a.  Tarr.  Nix,  262; 
Moraines  and  drumllns  In  tha 
EriKllsh  lake  diFtrlct.  W,  T'pham, 
xxl,  102;  Regions  of  Ala.,  H. 
MK:a1lpy,  (rev,),  xxll.  .'-.2:  I-ness 
and  the  fo-fil  man  nf  Lansing, 
Kansas,  Warren  Upham,  xxxl, 
25. 


,_ ,,,    ,.    R„   Iron    ores   of  tho 

Pen  ok  ce- Gogebic  region,  (rev.). 
Ill,  197;  Chemical  origin  ot  tha 
Iron  ores  of  Minn.,  Iv,  291.  3i2; 
I^ke  Superior  Strtitlsraphv.  vll, 
3li3:  (cit.).  vlll,  2!>2:  Distribution. 
charaeter  and  succession  of  tho 
pre-Camhrlan.  (abs.),  vlli,  254: 
Ppnokpe  Iron-hearing  merles  of 
Mich,  and  Wis.,  (rpv.),  ix,  207; 
lineal       geology        of         Madison, 
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ondary  structure  In  rocks,  (abs.), 
xvl,  ii47;  Movements  of  rocks  under 
deep  formations,  (rev.),  xvl  I,  99; 
Relations  of  secondary  structures 
to  the  forces  that  produce  tnem, 
(abs.),  xvll,  125;  193;  (and  Bay- 
ley),  Preliminary  report  on  the 
Marquette  iron-bearing  district 
of  Mich,  (rev.),  xvlll,  320;  Vol- 
ume relations  of  the  original  and 
secondary  minerals  in  rocks, 
(abs.),  xxll,  2^2;  Metamorphism 
of  rocks  and  rock  flowage.  (rev.), 
xxll,  378;  (p.s.n.),  xxvl,  195;  Pro- 
posed excursion  for  geologists, 
(abs.),  xxvil,  388;  Deposit  of 
ores  by  underground  water, 
(abs.),  xxvlll,  265;  Archaean  and 
Algonkian,  (ed.  com.),  xxvlil, 
385;  The  training  and  work  of  a 
geologist,  XXX,  150;  Barth  move- 
ments, (p.s.n.),  xxxi,  129;  (p.s. 
n.).  xxxl,  324;  394,  396;  On  Meta- 
morphism in  elements  of  geology, 
(rev.),  xxxli,  395;  (p.s.n.),  xxxiv, 
131 ;  Treatise  on  Metamorphism, 
(rev.),  xxxlv,  388. 
Van  Horn,  F.  R.,  studies  on  an  in- 
teresting Hornblende  in  gabbro 
from  Piedmont,  Italy,  xxl,  370; 
T.ecture  notes  on  general  and  spe- 
cial    mineralogy,     (rev.),       xxxll, 

128. 

Van  Ingen,  Gilbert,  Batesvllle  sand- 
stone of  Arkansas,  abstracted 
by,  (p.s.n.),  xlx,  292;  (p.s.n.), 
XXV,   392;    (p.s.n.,)    xxxlll,  60. 

Van-  Vieet,  A.  H.,  Oklahoma  sur- 
vey report,    (kjv.),   xxxv,   390. 

Variation,  exhibited  by  a  carbonic 
gasttropod,  C.  R.  Keyes,  III,  330; 
In  thickness  of  the  subdivisons 
of  the  Ordovlclan  In  Ind.,  A.  F. 
Foerste,  xxxlv,  87. 

Variations  in  the  Cretaceous  and 
Tertiary  of  Alabama,  D.  W. 
Lanffdon  (rev.),  vlll,  260;  Of  Gla- 
ciers, H.  F.  Rei^,  (abs.),  xv, 
2iiO. 

Varlolltic  pillow  lava  from  New- 
foundland,  R.   A.   Daly,   xxxll,  66. 

Vascular  nature  of  the  stem  of 
grert  trees  of  the  Coal  Measures, 
R.   n'.   Claypole,   III,  56. 

Vaughan,  T.  W.,  Stratigrraph^'  of 
norihwestem  Louisiana,  xv,  206; 
jao^fnn  of  the  Eocene  at  old  Port 
Caddo.  Texas,  xvl,  304;  Wichita 
rncMi-- fains,  Oklahoma  and  the 
Arbuckle    Hills,    I.    T.,    xxlv,    44. 

^'aux.    George,    (rem.),    xvll,    346. 

Vedei,  P.,  F&xita  about  the  Great 
T^akos.    (p.s.tt.),   xvlll,   196. 

Veins,  '  lassiflcation,  W.  O.  Cros- 
by,   xiii,   257. 

Venable,  F.  P.,  Meteorites  of  Nor. 
Car.,    (p.s.n.),   vl,    326. 

Venezuela  etc.,  H.  Karsten,  (rev.), 
X,  321. 

Ventral,  stn>cture  of  Taxocrinu* 
etc.,  Wachsmuth  and  Springer, 
(rev.\  ill,  200;  Armor  of  Diny- 
chthys.   A.  A.  Wright,  xlv,  ai3. 

Verbeek.  (and  Fenneman),  Geol- 
ogy of  Java,  (rev.),  xx,  331. 


Vermeule,  C.  C,  Physical  geogra- 
phy of  N.  J.,    (rev.),  xxil,  123. 

Verneull,  E.  de  (cit.).   Iv,  3. 

Vermilion  cliff  formation,  (Am. 
com.),   11,  267. 

Vermont,  Taconlc  of  Georgia  and 
report  on  the  geology  of,  Julea 
Marcou,  (rev.),  I,  328;  Original 
Chazy  rocks.  Bralnerd  and  Seely, 
II,  323;  Green  mountain  Gneiss 
from  Mt.  Afcc^Jtney,  (clt.),  C.  H. 
Hitchcock,  III,  254;  Structure  and 
age  of  the  Stockbridge  limestone, 
T.  N.  Dale,  (rev.),  xl,  57;  Dyn- 
amic and  metasomatic  phenom- 
ena in  a  conglomerate  in  the 
Green  mountains,  C.  L.  Whittle, 
(rev.),  xl,  412;  Camptonite  dikes 
near  Dan  by  borough.  V.  F.  Mar- 
stera.  .  xv,  368;  Ditto,  xvl,  25; 
Structural  details  In  the  Green 
Mountain  region,  T.  N.  Dale, 
(rev.),  xvlll,  390;  Washington 
lim*^stonp,  C.  H.  Richardson, 
(abs.),  xxll,  257;  Faunas  of  the 
upper  Ordovlclan,  T.  G.  White, 
(ahs.).  xxl  1 1,  96;  Life  and  work  of 
Auei'ctua  Wing.  H.  M.  Seely, 
XX vlll,  1:  Life  of  Zadock  Thomp- 
son a  H.  Perkins,  xxlx,  65;  Ge- 
ological report.  G.  H.  Perkins, 
(rev  ).  xxxl,  122;  Sketoh  of  O.  B. 
Adama.  H.  M.  Seely.  xxxll,  1; 
Geology  of  the  Belvidere  moun- 
tain. V.  P.  Marsters,  (abs.), 
xxxv,  194;  Glaciation  of  t^e  Green 
mountains.  C.  H.  Hitchcock, 
(rev.>.    xxxv,    316. 

VertPbratJ^  frorry  t^e  Tertiary  and 
Oetaceous,  E.  D.  Cope,  (rev.), 
viil,   326. 

Vept'^br-*-.  p«^leontology.  bibli- 
ography of,  J.  Eyerman.  vll,  231; 
pnl"<>ntolog>'  at  the  Columbian 
rxnrmltion,  J.  ETyerman,  xlll,  47; 
Important  fossils  for  the  Nation- 
al '^UFnim.  (p.s.n.).  xxll.  63; 
Palrontology  progress  of,  O.  P. 
Ha  v.  xxxv,  31. 

Vert-H-ates,  f»xtlnot  from  Egsrpt, 
recently  discovered.  C  W.  An- 
dr»w.«*.   (rev.),  xxvill,  3S9. 

V^***'"-!  ranee  of  fossils  of  the 
Hamilton  In  western  Ontario.  S. 
<^-'-  'n    I,    81. 

Vestl"'*^  of  earlv  nan  In  Minn.,  W. 
H.  Holmes,   xl,   219. 

Vestanafaltet:  Petrogenetlsk  fitud- 
le.  H.  Barl«»trom.  (rev.),  xxl.  385. 

Victoria,   tribute  to,    (p.s.n.).   xxvll, 

IPS. 

Viejo      Range      of      Nicaragua.     J, 

OrHw'ord.    vlll,   190. 
View  of  the  Ice-age  as  two  '^pooVig, 

Glacial   and    Champlain.    W.    Up- 

ham,   (abs.).  xvl,  250. 
VIewK    on    pre-tiebular      conditions, 

A.  WInohell.  Iv,  196. 

Villa    Nova.  J.,    (rem.),  v,  209. 

Vine,  G.   R.,   (obit.),  xll,  342. 

Viv-qinja,  Appomattox  formation 
W.  J.  McGee.  (rev.).  II,  130;  Trl- 
aFsic.  flora  of,  J.  Marcou. v,  160; 
Structure  of  the  Blue  Ridge  near 
Harpers  Ferry,  Geiger  and  Keith, 
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(nv.).  vil,  L*t;2:  Overthrust  faults 
of  thf  southern  Appalachians, 
C.  W.  Hay«'s.  (rev.).  vM,  2G2; 
Musttxlon  ronuiins  in.  (p.s.n.). 
vll,  335;  Mosozoic  Igneous  rocks. 
C.impbi'll  and  Brown  .(rev.),  vlll, 
r>4:  Mfi-ozolc  and*  Cenozoic  forma- 
tions. X.  H.  Ihirton.  (rev.),)  vill, 
!».'>;  Fossils  in  the  Uifayette 
formiition.  X.  H.  Darton,  Ix,  181; 
Dismal  swamp  district,  X.  S. 
Shaler,  (rev.).  Ix,  2(m;:  Stratigra- 
phy of  central  Appahu^hia.  X.  H. 
D.-irton.  X,  H>:  Structure  of  the 
Blue  KiflKe,  A.  Keith,  x,  3r.2; 
Cenozole  hirstorj*  of  eastern.  N. 
H.  Darton.  (ahs.).  xli,  171;  Pal- 
eozoic overlaps  in.  M.  R.  Camp- 
hell.  (al)S.).  xill.  147;  Geolopr>'  of 
the  BIk  Stone  Gap  coal  tteld.  M. 
R.  Camphell.  (rev.),  xlv,  392:  Po- 
toniju  formation.  L.  F.  Ward, 
xvlll,  31S:  M:issutten  mountain, 
A.  ('.  Spi'ucer.  xxl,  101;  Weather- 
ing of  diabase  near  Chatham.  T. 
K.  Watson,  xxll,  S.'.;  Dikes  of  Fel- 
sophyie  and  basalt  In  Api)al;ichl- 
an.  I>,irton  and  Keitli,  (rev.), 
xxiii.  .".27;  Weathering  <>f  diabase. 
T.  K.  Watson,  xxlv,  3.'»r>;  Analy- 
ses of  emery.  W.  W.  Mllbr.  Jr., 
(rev.),  xxvli,  314;  Sandstone  from 
Augusta  (M»unty.  W.  W.  Miller, 
Jr..    (iev.>.    XX vil,    31.'». 

Viscosity  of  solids,  C.  Barus.   (rev.). 
Ix     '5 1" 

Visual   :n.a   of  the  Trflobltes,   J.   M. 
Clrirke.    (nv.>,    ill.   14«;. 

Vivian.     Edwin.     (<»bit.).     xll.     131 

Vogdes,  A.  W.  Forgotten  Taconic 
lit«'rature  11,  3.'.2;  Catalogue  of 
Xoi'th  Am«'ric:in  I'aii'ozolf^  Cru- 
stacfa.  (rev.).  V,  1S3;  (p.s.n.), 
vl,  ♦'.S;  Bibli«>KTaphy  of  Xorth 
Am«'riean  Crustae«'.«.  MOS-lsoy. 
(M'v. ».  vil,  37I>:  The  K«'nus  Ag- 
n<>»<tus.  Ix,  377;  (b-iius  Ainpyx 
with  descriptions  «'f  .\merican 
species,  xl,  9I>;  Blbllogniphy  of 
the  Paleozoic  Crustacea,  (rev.), 
xll,  2«;2;  Xew  trilobite  from  the 
Arkansas  Coal  Measures,  (rev.). 
xvl,  2»'.2;  Su]>plement  to  the  bll>Ii- 
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cea,  (rev.),  xvl,  2«;2;  (p.s.n.). 
xxlv,  32':  (p.s.n.).  xxvll,  107;  (p. 
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•ogt,  J.  H.  L.,  Sedimentary  origin 
of  iron  ores  and  Itabirlte  in  Xor- 
wav.  (rev.;,  xlll,  42U;  (obit.),  xvl, 
(;7. 

Volranic,  eruption  in  northern  Ca'- 
If..  and  its  ptM'uliar  lava,  J.  S.. 
Dfller.  (nv.).  i.  12.'»;  D\ist  com- 
P'M'.  il  with  Cevs*  rit«*.  L.  E. 
Hi'ks.  II,  »:i:  Rocks  from  t'i««  Te- 
w'Ti  moinitains.  J.  V.  Iddlngs. 
(rrv.).  Ix,  2»'.4:  Dust  from  Oma'ia. 
J.  K.  Todd.  X,  2H.'.;  \n  Kan^:i«. 
and  Indian  T»nItory.  S  W.  Wil- 
llston.  X,  :\W:  In  tli»-  South  .At- 
lanti<'  nc. 'an.  C.  P.ilaehr.  xl,  122: 
Ro«-ks  of  South  Monntrnn.  in 
Peni;.  and  Marylau<l.  (J.  II.  Wil- 
liams. (r»v.),  xl,  .'..'•  Ki'«Ws  «)f 
South      Mountain,      F.      Boscom. 
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C.    Curtis,     xxxi,      40;      G<»ological 
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Michigan  mlnlnp  school,  xvl,  223: 
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Errata,  Vol.  XXXVI. 

Page  3 JO,  line  6,  for  "comparisons"  read  companions. 
Page  332.  line  4  front  the  bottom,  for  *'62"  read  26. 
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